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The problem. The problem of this study was to determine 
whether the Physics Resources and Instructional Strategies 
for Motivating Students (PRISMS) program influenced the 
teachers' knowledge of physics, 
Procedures. Data for this study were collected through 
pre- and post-questionnaires for twenty-nine teachers and 
administrators. Pre- and post-assessment instvuments were 
developed to measure the teachers' knowledge of physics con- 
tent. The purpose for these data collection instruments was 
to determine if the PRISMS program could contribute to the im- 
provement of physics instruction in Iowa. The data gathered 
from these instruments tested the hypotheses. The paired-t 
test examined the change in scores for Hypotheses 3, 4, 5, and 
6. Pearson's Product Moment correlation was calculated for the 
remaining hypotheses in an attempt to determine if relationships 
existed between major study variables. Descriptive statistics 
were applied to selected items on the questionnaires as a means 
of examining changes in opinion scores for teachers and admin- 
istrators. 
Findings. The data indicated that the teachers' attitudes 
toward teaching physics and the PRISMS program decreased from 
a positive attitude to a less positive attitude The teachers' 
knowledge of physics increased as a result of PRISMS, and the 
teachers became more comfortable with presenting physics con- 
cepts. The teachers' level of knowledge was influenced by 
years in teaching physics, and by the number of semester hours 
taken in college physics. The data indicated that the adminis- 
trators' pre-program attitudes influenced the teachers' level 
of knowledge. Finally, the teachers' and administrators' 
opinions on selected statements decreased from a more positive 
opinion to a somewhat negative opinion. 
Conclusion The results of this study were not suffi- 
cient to indicate that the PRISMS program improved physics 
instruction in Iowa. 
Recommendations. It is recommended that: (1) researchers 
investigate the effect that the PRISMS program would have on 
student learning, (2) comparisons between student achievement 
scores for districts not utilizing PRISMS be conducted. and 
(3) researchers must investigate the causes for the decreases 
in teachers' attitudes and opinions. 
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CHAPTER ONE 
Introduction 
In recent years, the field of science, particularly 
science education, has undergone several major changes. 
These changes have had a direct effect on the direction, 
methods, and the funding within science education. The 
impetus for many of these initial changes came as a result 
of the launching of Sputnik I by the Russians in 1957. 1 
The reaction displayed by the American public and by 
private industry to this launching was such that the 
National Science Foundation (MSF), and the Federal govern- 
ment increased their financial support for science and 
mathematics education to unprecedented levels. The 
National Science Foundation became extensively invofved in 
the development of instructional materials, and teacher 
improvement programs. The increased funding allowed 
colleges and universities to refine and update their science 
'~azer Goldberg, Children and Science (New York : 
Charles Scribneris Sons, 19701, p. I. 
2~hazi R. Audeh, "A Longitudinal Study of Science 
Curriculum and Practices in Elementary Schools in 10 States 
(1970-1980)," D i s s .  Ohio State Univ., 1982, p. 4. 
and mathematics curriculums. 1 
The changes at the university level were intended to 
produce highly skilled and qualified scientists, technicians, 
and mathematicians, Unfortunately, for science education, 
these newly trained graduates have been vigorously sought 
after by the government and private industry. Since these 
non-educational institutions were drawing prospective science 
teachers away from the classroom, a question arose in the 
minds of those responsible for science education as to how 
could one keep and draw qualified personnel into the teaching 
profession and at the same time impede the impending shortage 
of science teachers? 2 
In response to this question, the Iowa Department of 
Public Instruction (DPI) was assigned the task by Governor 
Ray to study and suggest remedies for Iowa's critical short- 
age of science teachers. In October, 1981, the DPI initi- 
ated a physics task force to address the staff and curriculum 
problems that are unique to physics (see Appendix A ) .  3 
In addition, the Governor's Science Advisory Council 
'stanley Helgeson, P.  E. Blosser, and R. W. Howe, "The 
Status of Pre-College Science, Mathematics, and Social 
Studies Education: 1955-2975," Science Education Information 
Reports (Columbus: ERIC Clearinghouse, 19771, pp. 17-24. 
'Personal interview with Jack Gerlovich, state science 
consultant for Iowa, 1 March 1983- 
3~ersonal interview with Jack Gerlovich, 8 February 
(GSAC) and the Iowa Academy of Science (IAS) formed the Ad 
I Hoe Education Committee in June, 1982 (see Appendix B ) .  
Chaired by Dr. Jack Gerlovich, the education committee 
studied and categorized the problems related to the supply 
and demand for science teachers in Iowa, and it proposed 
solutions to these problems. 2 
In a summary report to the governor, Gerlovich and the 
Education Committee stated: 
The study recognizes the need for an improved 
science curriculum throughout grades X - 1 2 ,  and 
higher graduation requirements in science and 
mathematics in secondary schools .... the current 
supply of teachers in secondary physical science 
and mathematics is inadequate to staff the 
existing minimal course requirements .... ade- 
quately trained science and mathematics teachers 
are leaving the classroom at a rapid rate to take 
non-teaching positions, 3 
By January 1983, the physics task force had developed 
four physics units which were pilot-tested in Area Education 
Association 15 in Southeast Iowa.* As a result of this 
'~inutes from the Ad Hoc Education Committee ( D e s  
Moines: Department of Public Instruction, 21 Sept, 1 9 8 2 1 ,  
pp. 1-3. 
L Jack Gerlovich and Roy Unruh, "Upgrading Physics 
Teachers and Curriculum Through Application of Technology" 
(Des Moines: Department of Public Instruction, 19831, p. 5. 
(Mimeographed) 
3~ack Gerlovich and others, "The Crisis in Science and 
Mathematics Education in Iowa: The Problem and Recommenda- 
tions" (Des Moines: Governor's Science Advisory Council and 
the Iowa Academy of Science, Oct. 1982), p. 1, (Mimeographed) 
4~erlovich and Unruh, pp. 5-6.  
initial curriculum endeavor, and with the support from GSAC 
and IAS, the task force developed the Physics Resources and 
Instructional Strategies for Motivating Students (PRISMS) 
program in Iowa, 
Statement of the Problem 
Since the PISP4S progsam is experimental in nature and 
represents a new concept in teacher preparation, no base 
line data exists which reports on the effectiveness of such 
a program. While PRISMS has the twofold purpose of improv- 
ing teaching strategies in physics and students' attitudes 
toward physics, the problem of this study is to determine 
if PRISMS improves the teachersQnowledge of physics. 
Purpose of the Stud1 
The purpose of this study is to see whether PRISMS 
could contribute to the improvement of physics instruction 
in the state of Iowa. 
Methodology 
In an attempt to find a solution to the problem pro- 
posed in this study, specific data collection instruments 
were developed. The instruments consisted of pre- 
questionnaires and post-questionnaires for teachers and 
administrators, The questionnaires were designed to elicit 
the teachers' and administrators' opinions and attitudes, 
as well as the teachers' level of comfort in presenting 
5 
physics concepts, 
In addition, a pre-assessment and post-assessment form 
was designed to measure the teachers' knowledge of physics 
content. The paired t-test, Pearson's r, and descriptive 
statistics were applied to the data. The significance 
levels were determined to be .01 and . 05 .  
Questions to be Answered 
1. Will there be changes in the teachershttitudes 
toward teaching physics? 
2 .  Will this program increase the non-physics teachers" 
knowledge of physics concepts? 
3 ,  Are the perceptions of teachers and administrators 
the same toward this type of program? 
4. Will there be changes in the administrators' atti- 
tudes toward physics? 
5. Do relationships exist between the teachers' atti- 
tudes and the level of knowledge, level of comfort, 
hours of college physics, and the number of years 
in teaching? 
6. Are there relationships between the administrators' 
attitudes toward physics and the teachers' level 
of comfort, level of knowledge, years teaching 
physics, and the teachers' attitudes toward teach- 
ing physics? 
7. Will there be a change in the teachers' level of 
comfort toward presenting physics concepts? 
Statement of the Hypotheses 
In an attempt to answer the questions of this study, 
the following hypotheses were tested: 
1. There is no relationship between the number of 
years teaching physics and the level of comfort 
in presenting physics concepts after program imple- 
mentation- 
There is no relationship between the teachersf 
attitudes toward teaching physics and the level of 
comfort in presenting concepts related to physics 
after program implementation, 
There is no difference in the administrators' atti- 
tudes toward utilizing this training program as a 
result of program implementation. 
There is no difference in the teachers' attitudes 
toward teaching physics befare and after program 
implementation. 
There is no difference in the teachers' level of 
knowledge of physics concepts following program 
implementation. 
There is no difference in the teachers' level of 
comfort with presenting physics concepts before 
and after program implementation. 
There is no relationship between the teachers' level 
of knowledge of physics and the level of comfort 
after program implementation. 
There is no relationship between the teachers' 
attitudes toward physics and the level of knowledge 
of physics concepts after program implementation. 
There is no relationship between administrator and 
teacher attitude gain scores resulting from program 
implementation. 
There is no relationship between the administrators' 
post-program attitudes and the teachers' post- 
program level of comfort in presenting physics 
concepts. 
There is no relationship between the administrators' 
pre-program attitudes and the teachers' gain in 
knowledge level of physics concepts. 
There is no relationship between the teachers" 
number of years teaching physics and teachers' 
attitudes toward teaching physics after program 
implementation. 
There is no relationship between the number of 
years teaching physics and the teachers-ain in 
knowledge level of physics concepts. 
14. There is no relationship between the teachers' 
years in teaching physics and the administrators' 
attitudes toward this program before program 
implementation. 
15. There is no relationship between the teachers' 
hours of college physics and the teachers' attitudes 
toward this program before program implementation. 
16. There is no relationship between the teachers' 
hours of college physics and the teachers' level of 
comfort in presenting physics concepts before pro- 
gram implementation. 
17. There is no relationship between the teachers' 
hours of college physics and the teachers' level 
of comfort in presenting physics concepts after 
program implementation. 
18. There is no relationship between the teachers' hours 
of college physics and the teachers' level of 
knowledge of physics concepts after proqram imple- 
mentation. 
19. There is no relationship between the teachers' hours 
of college physics and the administrators' attitudes 
toward this program before program implementation. 
Significance of the Study 
Since the PRISMS program represents a new concept in 
teacher preparation, this study will generate new base line 
data. In addition, the PRISMS program is an attempt to 
provide a possible solution to Iowa's physics teacher short- 
age and to provide a useful resource for the physics teacher. 
Definition and Description of Terms 
The term non-physics teacher refers to teachers who 
have taken a minimum of three hours of college physics but 
hold a degree in a field other than physics. 
The phrase .- telecommunications delivery system refers to 
a process utilizing the Iowa Regent's ~elebridge telephone 
network to connect a university professor with teachers in 
their classrooms. This process requires that each classroom 
be fitted with both a telephone and speaker-phone for inter- 
active participation. 
Physics Resources and Instructional Strateqies for 
Motivatinq Students (PRISMS) refers to a pilot program cur- 
rently being tested in the state of Iowa. The program is 
designed to help non-physics teachers to teach physics and 
is a technologically updated resource for current physics 
teachers. 
The PRISMS program provides the teacher with materials 
and activities which present major concepts in physics as 
they relate to common life experiences. The activities are 
intended to develop the students' problem solving and 
reasoning skills, relate physics to societal concerns, and 
supply information about careers related to physics and its 
application. 1 
The phrase level of comfort refers to teachers who 
express a confident attitude toward presenting physics 
concepts because of the number of hours taken in college 
physics, and/or as a result of participating in the PRISMS 
program. 
'3ack Gerlovich, Roy Unruh and others, Physics 
Resouvces and Instructional Strategies for Motivating Stu- 
dents (Des Moines: Iowa Department of Public Instruction, 
Aug. 1983)- 
9 
The term attitudels) is defined as the predisposition 
or manner indicative of feelings, knowledge, and behavior 
toward a person or thing. 
The term opinion(s) is defined as the covert behavior 
resulting from a specific attitude or set of attitudes. 
Limitations of the Study 
The results and conclusions of this study will be 
limited to the twenty-nine teachers and twenty-nine adminis- 
trators selected for participation by their Area Education 
A s s o G ~ ~ ~ ~ o ~  (AEA) science consultants. Because the partici- 
pants were selected by AEA consultants and not drawn ran- 
domly from a larger population, caution should be used in 
any generalization beyond the sample. 
Summarv 
In this chapter, the problem, purpose, and methodology 
of the study were described, questions to be answered were 
provided, the hypotheses and significance were stated, and 
the definition, description, and limitations were given. 
Chapter Two will present a review of related literature. 
Chapter Three will describe the methodology to be used in 
presenting the data. Chapter Four will present and analyze 
the data, and Chapter Five will report the summary, findings, 
conclusions, discussion, and further reco~mendations. 
CHAPTER TWO 
Review of Related Literature 
Introduction 
In an address to the National Academy of Science and 
the National Academy of Engineering, President Reagan stated: 
The problems today in elementary and secondary 
school science and mathematics education are 
serious--serious enough to compromise America's 
future ability to develop and advance our tradi- 
tional industrial base to compete in international 
market places. Failure to remain at the industrial 
forefront results in direct h a m  to our American 
economy and standard of living. 1 
In this address, the president was expressing a growing 
concern that is being articulated by science educators and 
science leaders throughout America. The problems confront- 
ing science education today have evolved over three decades 
of curriculum reform and are presenting educators with 
serious curricular and staffing alternatives. 2 
'science and Mathematics in the Schools: Report of 
a Convocation, National Academy of Science and National 
Academy of Engineering (Washington, D , C , :  National Academy 
Press, May 1982), p. 2. 
L Personal interview with Jack Gerlovich, 9 Jan, 1984. 
11 
Science Education - 1950-1980: A K-12 Overview 
Science curriculums up to, and including, the early 
1950's had remained relatively unchanged since the mid-1800's- 
The curriculum materials far most science or mathematics 
courses during that time had been the textbook and the 
teacher. World War T I ,  however, created such an influx of 
new technology that science publishers found it very diffi- 
cult to keep textbooks current and scientifically relevant 
to the needs of society. In addition, the cold war between 
the United States and Russia emphasized the importance of 
education and training specialists in science, mathematics, 
1 
and engineering. As a result, a growing concern for science 
education began to surface, The impetus for this concern 
was directly related to national security and the progress 
that the Russians were making technologically. 2 
Between the years of 1950 and 1954, interest and sup- 
port for high school, undergraduate, and graduate science 
programs increased substantially. In 1953, the National 
Science Foundation INSF) initiated its first effort at 
improving science instruction. During the summer of 1953, 
the foundation conducted two institutes for college-level 
'~hristo~her Dede and Joy Hardin, "Ref orms , Revisions, 
Reexaminations: Secondary Science Education Since World 
War 11," Science Education, 57, No, 4 (0ct.-Dec. 19731, 485. 
2~e1geson, Blosser, and Howe, p. 22. 
12 
science and mathematics educators. The success of these 
initial programs prompted the first high school level insti- 
tute during the summer of 1954, The main intent of these 
institutes was to update the teacher's experience with 
science and technology, and to initiate curriculum develop- 
ment. 1 
On October 4, 1957, Russia launched sputnik I.   his 
display of technological and scientific achievement outraged 
the American public. This outpouring of public opinion 
provided the impetus for the federal government and the 
educational organizations responsible for science to step- 
up their efforts at improving science education. With 
the passing of the Cooperative Research Act ( C R A ) ,  the 
Elementary and Secondary Education Act (ESEA), and the 
National Defense Act (NDA), the National Science Foundation 
(NSF) and governmental agencies became extensively involved 
in the development of instructional materials. 3 
The extent to which NSF became involved in curriculum 
development activities is evidenced by its expenditures af 
funds. Audeh found that between 1952 and 1975, NSF expended 
l~obert Stake and J. Easley, Case Studies in Science 
Education, 2 (Urbana: Center for Instructional Research and 
Curriculum Evaluation, Univ. of Illinois, Jan. 1978), pp. 
2~elgeson, Blosser, and Howe, pp. 23-24. 
more than $1.6 billion in an effort to improve science in- 
l. struction. The post-Sputnik curricular reform activities 
in elementary and secondary science were generally directed 
toward teacher training programs, new curriculums, and im- 
proving laboratory activities. In addition, much of the 
NSF's funded activities was aimed at developing more text- 
books in the traditional disciplines of physical and bio- 
logical sciences: improving teachers' knowledge of physics, 
chemistry, earth science, and biology. 2 
The curriculum reform attempts over the past three 
decades have had distinct characteristics that have been 
3 
categorized by Dede and Hardin. They contend that the re- 
form efforts fall into one of the three following categories: 
Traditional - Materials which emphasized how the 
needs of the students and society could be fulfilled 
by the teacher. It neglected scholarship and the 
subject discipline. It generally refers to material 
written before 1956. 
First Generation - Materials which emphasized scholar- 
ship and the discipline, but neglected the needs of 
the student and society. It generally refers to 
materials written from the late 1950's to the mid- 
1960's. 
Second Generation - Materials which combined the 
best qualities of the traditional and first genera- 
tion reforms by attempting to orient disciplined- 
hsed materials somewhat towards the needs of the 
I Audeh, pp. 4-5 .  
L Rodger Eybee and others, "Science, Society, and Science 
Education," Science Education, 64, No- 3 (July 1980), 3 7 8 ,  
3~ede and Hardin, pp. 488-89. 
students, teachers, and society. It generally 
refers to materials written from the mid-1960's 
to the mid-1970's. Z 
Factors Affecting Curriculum Development 
During the first attempts at curricu1urn reform, Jerome 
Bruner came to the forefront of the reform movement with the 
publishing of The Process of Education. It was Bruner's 
concepts of learning and how students learn that began to 
shape the direction of the first generation materials from 
an emphasis on "pure" science to a form that developed the 
needs of the students and society into the science program 
L itself. 
Bruner believed that knowledge was the dominant aim of 
education, and the learning method was the means by which 
this aim was achieved. Bruner emphasized that the methods 
being used were not achieving the desired goals, but be- 
lieved that learning came as a result of discovery, inquiry, 
and through problem-solving and not through programed in- 
struction. He stated: 
It is only through the exercise of problem- 
solving and the effect of discovery that one 
learns the working heuristic of discovery, and 
'~ede and Hardin, pp. 488-89. 
2~odger Bybee, 'The New Transformation of Science 
Education," Science Education, 61, No. 1 (Jan.-March 1 9 7 7 1 ,  
3~erorne Bruner, - The Process of Education (New Uork: 
Vintage Books, 1960) . 
the more one has practice, the more likely is 
one to generalize that one has learned into a 
style of problem-solving or inquiry that serves 
for any kind of task. . . practice in inquiry. . . 
is needed-I 
In addition to Bruner's work, which had a major impact 
on all levels of curriculum development, there began in the 
early 1960's an underlying current of discontent with the 
educational process in general. political and racial unrest, 
and the Viet Nam War began to affect the production and de- 
sign of scientific curricula. The traditional indices of 
academic quality came into question as students criticized 
the methods of teaching as being dehumanizing and insensi- 
tive. 2 
The Sixties and Seventies were years of change and tur- 
moil for those responsible for science education. The 
financial expenditures for the Viet Nam War and the new 
awareness of environmental concerns, as well as the social 
issues were drawing on funds that once were being used for 
curriculum development. Funding became such a critical 
issue, according to Greenleaf and Griffin, that NSF suspended 
the teacher education programs during 1975-76, and sharply 
curtailed or stopped most of the curriculum development 
i Jerome Bruner, "The Act of Discovery," Harvard 
Education Review, 30, No. 1 (Winter 19611, 31. 
L Warren Greenleaf and G. A. Griffin, Schools for the 
70's and Beyond: A Call to Action (Washington, D . C . :  
National Education Association, Feb. 19711, p. 47, 
I projects. In fact, Klein indicated that in 1959, the 72 
percent of the education budget, allocated for development 
projects, dropped to only 22 percent in 1980. 2 
Between the years 1950 and 1975, NSF not only expended 
an unprecedented amount of money, but it produced or sup- 
ported some 750 different It is beyond the scope 
of this research to identify each program. It may be bene- 
ficial, however, to review the elementary and secondary 
disciplines, and the major programs that came from the 
curriculum reform movements. 
Elementary Science Education (K-8) 
Studies by Ayers and Ayers have indicated that prior 
to the reform movement years the attitudes and philosophies 
toward elementary science education bad been somewhat ~ndif- 
ferent. The research by Ayers and Ayers has indicated, how- 
ever, that during the reform" snitial years, educators 
began to view elementary science as an effective means of 
l~orris Harms and R. Yager, What Research Says to the 
Teacher, 3 (Washington, D.C.: National Science Teachers 
Association, 198l), p, 2. 
',Sarah Klein, Testimony to Committee on Labor and Human -
Resources of the ~nrted States Senate in Regard to 1983 
Authorization for the Science Education Component of the 
National Science Foundation (Washington, D.G.: National 
Science Teachers ~ssociation, April 19821, p ,  1 0 .  
3~ational Science Foundation - Supported Science -p Educa- 
tion Materials: ~Toblems in Evaluation, Distribution, and 
Monitoring (Washington, D . C . :  GPO, 19761, p. 5. 
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developing scientific literacy at an early age. In addition, 
there was mounting evidence showing that early experiences 
in science were not only important for the development of 
the child's approach to life as an active thinker, but they 
added a new dimension to his/her world. l 
Simpson's research supported this concept by indicating 
that if students did not have a positive experience with 
science during the early grades they may be more inclined 
to take only the minimal science requirements at the second- 
ary level. 2 
It was during the early 1960's that the theories of 
F3runer3 and ~ i a g e t , ~  and the taxonomy of  loom' began to in- 
fluence the structure of elementary and junior high science 
materials. During this time the emphasis that had been 
placed on "pure" science was changing to an emphasis based 
on fundamental learning skills. Wellman cited evidence 
'J. B. Ayers and M. N. Ayers, "In£ luences of SAPR on 
Kindergarten Children's Use of Logic in Problem Solving,'" 
School Science and Mathematics, 73 (Dec. 1973), 770. 
2 ~ .  D.  Simpson, Relating Student Feelings to Achieve- 
ment in Science (Washington, D.C.: National Science ~eachers 
Association, 1978), pp. 40-54. 
3~runer, The Process of Education. 
4~ean Piaget, Science of Education and the Psychology 
of the Child (New York: Orion Press, 1970). 
3 B. S ,  Bloom, Taxonomy of Educational Objectives, the 
Classification of Educational Goals (New York: David McKay, 
1964). 
which indicates that the study of science at the elementary 
and junior high level involving organization and interpreta- 
tion skills aided students in developing their Zanguaqe and 
reading competency. I 
Since science education at the early levels, especially 
at the elementary level, became such an issue, the role of 
the science teacher became the focus of educational debate. 
Research conducted by NSF and the Office of Education (OE)  
indicated that the classroom teacher plays a pivotal role in 
the education of their students. The experience that the 
students have in regard to science may be a direct result af 
the teachers' attitudes and abilities when presenting 
science concepts. 2 
In relation to the teachers' attitudes, Horn and James 
found, in general, that elementary teachers did not appear 
to value the teaching of science and failed to see the sig- 
nificance of having elementary students become scientifically 
literate. This apparent lack of concern seems to be a re- 
sult of inadequate training to teach science, Lack of 
planning time, inadequate time to teach science, and a lack 
of interest by the teacher all of which had a major influence 
'T. R .  Wellman, Science: A Basic for Language and 
Reading Development (Washington, D.C.: National Science 
Teachers Association, 1978), pp. 11-12, 
2"~ducation for the 1980's and Beyond," Science and 
Engineering (Washington, D.C.: National Science Foundation 
and Office of Education, Oct. L 9 8 0 ) ,  pp. 48-49, 
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on science education. 1 
Gerlovich, Downs, and Magrane contend that this problem 
was a result of elementary teachers taking a minimal number 
of science courses at the undergraduate level and virtually 
no science course work after graduation.' Weiss, taking a 
national survey, found that only 49 percent of the elementary 
teachers teaching science felt qualified to teach science. 
This data suggests that 51 percent of the remaining science 
teachers were somewhere below the "qualified" level, 3 
Boulanger concluded in another study that: '"he key problem 
with elementary science education was the general lack of 
orientation or a background in science by most elementary 
science teachers. I ,  4 
The curriculum development projects for the elementary 
and junior high science supported by NSF and OE focused on 
both teacher preparation activities, and on the construction 
'5. G .  Horn and R. James, "Where Are We in Elementary 
Education?'Aational School Science and Mathexatics Associa- 
tion, Des Moines, Nov. 1978, (Mimeographed.) 
'~ack Gerlovich, G. Downs, and G. Magrane, 'How Essen- 
tial is Science at the Elementary Level?" Science and 
Children, 19, No. 3 (Nov.-Dec. 198l), 22-24. 
'iris Weiss, Report of the 1977 National Survey of 
Science, Plathematics, and Social Studies Education 
(Washinqton, D.G.: National Science Foundation, March 1 9 7 8 ) ,  
pp. 7-12, 
 avid Boulanger, "Twenty Years of Science Curriculum 
Reform: A Perspective," Curriculum - Review, - 19, No. I (Feb. 
1980), 70-74. 
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of science materials. By 1968, there were twenty different 
projects designed specifically for the lower and middle 
school levels with the majority of the programs being focused 
1 on the elementary grades. The materials that were being 
developed during the 1960's and early 1970's utilized the 
discovery, inquiry, and problem solving approaches to 
teaching and learning of science. 
Elementary and Junior High Science Programs. The fol- 
lowing is a summary of those programs which have appeared to 
have had a major impact on science education during the 
1960's and 1970's: 
Conceptually Oriented Program in Elementary 
Science (COPES). The central purpose of COPES 
was to develop vertical continuity in the ele- 
mentary science curriculum by using conceptual 
schemes as goals of instruction. The conceptual 
scheme of science offers a means of relating 
facts and bits of experience into a meaningful and 
coherent form. In this way a conceptually- 
orientated science program builds basic ideas 
that will be of lasting value to pupils. The 
basic tenet of this program was to provide 
Learning activities which would involve children 
intellectually, and lead them personally to the 
concept. Each activity was designed to provide 
first-hand experiences through manipulating 
materials. 2 
Elementary Science Study ( E S S ) .  The ESS program was 
designed as an exploration of the relationships 
between man and the physical and biological environ- 
ment. The entire program consisted of forty in- 
structional units which had no definite sequence. 
'~oldber~, pp. 1-2. 
2 ~ ~ P ~ ~ :  Conceptually Oriented Proqrarn in Elementary 
Science (New York: New York Univ,, 1965). 
Laboratory activities were designed to provide 
the student with an experience that would develop 
process skills. The basic rationale of ESS was to 
shift the responsibility for learning to the 
pupil, and stimulate students to devise ways of 
acquiring and interpreting information, 1 
Science - A Process Approach (SAPA). This pro- 
gram was the first program to present a sequential 
curriculum for use in elementary schools* The 
curriculum framework was based on the processes of 
science. The skills are components of scientific 
inquiry. SRPA divided these skills into two 
major groupings: the basic process skills for 
K-3, and the more complex, integrated skills for 
4-6. Each of the process skills were derived 
from physics, chemistry, biology, earth science, 
and psychology, and were sequenced through each of 
the programs. SAPA was designed to provide maximum 
student involvement with hands-on type activities. 2 
Science Curriculum Improvement Study (SGIS). This 
program was organized around the conceptual struc- 
ture of science as it is seen by scientists today. 
Instruction was designed to take each pupil at his/ 
her present level of development and help hirn/her to 
acquire new skills and concepts. The course was 
sequential, with levels of abstractions building 
upon each other. The program provides first-hand 
experiences in a laboratory setting, allowing stu- 
dents to explore natural phenomena individually or 
in small groups. The principal objective was to 
develop scientific literacy through understanding 
science concepts, 3 
Intermediate Science Curriculum Study ( I S C S ) .  This 
was a coordinated science program for use in the 
junior high school. It was an integrated course 
I Paul Hurd and J. J. Gallagher, New Directions in Ele- 
mentary Science Teachinq (Belmont, CA: Wadsworth, 19681, 
pp. 76-79. 
L Science - A Process Approach (Washington, D.C.: 
American Association for the Advancement of Science, 1966). 
3 ~ n h p ~ +  K ~ T - ~ ~ I I S  and H. D .  Thier . A New Look at Ele- 
in the sense that it related science concepts to 
process skills, and correlated content from the 
physical and biological sciences. The entire 
course was divided by grade level ( 7 - 9 ) ,  and was 
sequential in its design. ESCS was organized so 
that a conceptual theme and an aspect of scienti- 
fic inquiry were being taught simultaneously. The 
material recognized differences in learning styles 
and allowed for autonomous learners, which in 
turn allowed the teacher more time to work indi- 
vidually with each student. In addition to normal 
laboratory activities using problem-solving tech- 
niques, ISCSlalso utilized computer-assisted 
instruction. 
In addition to these programs, courses such as the Ele- 
mentary School Science Project (ESSP) , Elementary-School 
Science Project (E-SSP), ~nvironmental studies (ES), ~nquiry 
Development Program (IDP), School Science Curriculum Project 
(SSCP), Minnesota Mathematics and Science Teaching Project 
(MinneMAST) , Biological Science Curriculum Study (BSCS) , 
Human Science Project (HSP), and others were developed in an 
attempt to improve the quality of instruction and to promate 
scientific literacy at both the elementary and junior high 
levels. 2 
High School Science Education (9-12) 
During the past three decades, the high school science 
program has undergone major changes. Many of the changes 
have been a direct result of the curriculum reforms; others 
'ISCS - Intermediate Science Curriculum Study 
(Tallahassee: Florida State Univ., 1 9 6 7 ) .  
2~urd and Gallagher, pp. 80-90. 
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were due to societal influences. 
In the early 19501s, during the formative years, NSF 
began to receive reports from its staff and members of the 
scientific community that the high school science program 
was in serious trouble. College teachers were reporting that 
entering students were inadequately prepared to take college 
level science courses. In addition, reports indicated that 
the courses being taught were seriously outdated, and did 
not reflect the current technologicaL advances. 1 
In 1954, President Eisenhower formed a cabinet level 
committee to examine the discrepancies in secondary science 
education, and to examine the reports of the rapidly growing 
strength in technical training by the Russians. With the 
full support of the federal government, NSF and the United 
States Office of Education (USOE) began to rebuild Arnerica'a 
high school science programs. 2 
Following the summer institutes of 1953 and 1954, NSF 
began to invest heavily into the development of science 
programs. The programs developed as a result of NSF's in- 
volvement included the Biological Science Curriculum study 
(BSCS), Individual Science ~nstruction System (ISIS), and 
'u.s., Congress, House, Committee on Science and 
Technology, The NSF and Pre-College Science Education: 1950- 
1975, Hearing, 94th Cong., 2nd Sess., Jan. 1975 ('Washington, 
D-C.: GPO, 19761, p. 3. 
'=bid., pp. 3-52. 
2 4  
many others which attempted to improve the high school 
science curriculum. 1 
Physics Education 
The physics curricula over the years has evolved in 
response to growth in information, changing perceptions of 
the nature of the discipline, and to a variety of other 
factors involving community and societal needs. The basic 
topical organization of physics education remained rela- 
tively unchanged through the 1950 ' s . The emphasis upon 
the laboratory of didactic instruction, upon "pure" science 
and technology, and on facts or conceptual schemes fluctu- 
ated periodically. Following World War 11, the knowledge 
and technological advances produced by the war set the 
stage for dramatic changes in the structure and content of 
the physics curricula. 3 
The first attempt at providing an up-to-date course in 
physics was the Physical Science Study Committee (PSSC) pro- 
gram. 
'~oulan~er, pp. 72-73. 
%incent Lunetta, "Issues in Physics Education in 
Historical and Contemporary Perspective," Technical Report 
No, 24 (Iowa City: Science Education Center, Univ. of Iowa, 
March 1982), pp. 1-3. 
Physical Science Study Committee (PSSC). initial 
work on the PSSC project beqan in 1954, and the 
first publication came in 1560. PSSC was de- 
signed as an intensive course focusing on several 
fundamental concepts of physics. The course was 
outlined into four major sections, each empha- 
sizing several main concepts.1 The PSSC curricu- 
lum consisted of a student textbook, laboratory 
guide, films, and a series of supplemental 
monographs. In addition, PSSG developed an 
advanced topics course, several physical science 
courses for the junior high level, and a collegi- 
ate edition. 2 
Lunetta indicated that PSSC eliminated almost all rele- 
vant applications of physics to daily activities and placed 
its emphasis on "'pure" science. Rather than creating more 
interest in physics, PSSC alienated a great number of high 
school students by placing heavy emphasis on mathematics and 
the highest level of abstraction. In addition, no studies 
were found which indicated that PSSC provided a higher 
quality program, nor did studies show that students "learned" 
physics any better than with the traditional courses. 4 
With an apparent failure of PSSG to fulfill the needs 
of society, with a new emphasis on teaching the learning 
disabled and with severe shortages of scientists and 
engineers being projected, Harvard University beqan work on 
'physical Science Study Committee, Physics, 2nd ed. 
(Lexington, VA: D. C. Heath, 19651, 
2 ~ .  P. Little, "The Physical Science Study Committee, 
Harvard Education Review, 29 (Winter 19519)~ 2 - 3 .  
'~unetta, pp. 4-5. 
*~ede and Hardin, p. 487. 
a new physics program. 
Harvard Project Physics. Initial work on Project 
Physics, as it is now called, began in 1962. Pro- 
ject Physics was developed to overcome the Lack of 
impact that PSSC had had on physics education. The 
project developers had three major goals in mind 
when the project began: (1) design a humanistically 
oriented course, (2) attract more students to the 
study of introductory physics, and ( 3 )  find out 
more about the factors that influence the learning 
of science in schools. The course was intended 
to increase the appeal of physics by presenting 
physics as an intellectual pursuit rather than as 
applied technology. In addition, the course reduced 
its dependence upon complex mathematical skills, 
and attempted to reduce perceptions that physics 
was a difficult course. The project stressed "sound 
physics," but also emphasized the close connections 
of physics to other sciences, as well as the his- 
torical, social, and cultur 1 consequences related 
to the progress of science. 7 
Project Physics was introduced to teachers during the 
summer physics institute of 1967. Rothman conducted a study 
comparing teachers' attitudes toward physics following the 
summer institute, and after teaching the Project Physics 
course for five months. The results of Rothman's study 
indicated that teachers' attitudes toward physics was some- 
what negative after participating in the summer institute. 
After teaching the program for five months, however, the 
teachershttitudes toward physics were much more positive. 
Rothman concluded that the summer institute had little in- 
fluence on attitudes, but the actual teaching of the course 
'project Physics, Project Physics Course (New York: 
Holt, Rinehart and Winston, 1970). 
did have a direct impact on teachers' attitudes. 1 
Welch found that, over-all, Project Physics did achieve 
the three goals set by the developers, but that no data was 
found to indicate that Project Physics was influential in 
increasing student-achievement scores when compared to other 
physics projects. 2 
In addition to PSSC and Project Physics, courses such 
as the Berkley Physics Course (BPC), Engineering Concepts 
Curriculum Project (ECCP), and others were developed in an 
attempt to provide relevant and up-to-date course materials 
and to improve the instruction of physics education. 
Factors Affecting Wiqh School 
Science Education 
High school science has experienced several major trends 
since the early 1960's. The three most significant trends 
are described below. 
Decline in Physics Enrollments. D u r i n g  the past twenty 
years (2960-1980), high school science courses have experi- 
enced a decline of 60 percent participation by high school 
students in 1960 to 48 percent participation in 1977. The 
L Arthor Rothman, "The Effects of Teaching a New Physics 
Course on Teacher Attitudes," Science Education, 52, No. 5 
(Dec. 1968), 468. 
2~ayne Welsh, 'Review of the Research and Evaluation 
Program of Harvard Project Physics," Journal of Research in 
Science Teaching, LO, No. 4 (1973), 374-75 .  
3t1~ducation for the 1980's and Beyond, " p. 4. 
reasons for the decline in enrollments, especially in 
physics, can be attributed to several factors. 
Studies have suggested that declining enrollments in 
physics are a result of (1) a reduction in science require- 
ments for graduation, and (2) a perception that physics is 
extremely difficult and is reserved for the intellectuals. 1 
Sehlessinger reported that at least 50 percent of the stu- 
dents in secondary schools complete their last year of 
2 
science by the tenth grade. Mahmond supported this data in 
another study which indicated that tenth grade biology was 
the most common course taken with enrollments in physics 
courses being extremely low. The percentage of students 
taking science in grades ten, eleven and twelve increased 
from 1955 to 1973, but has shown a decline since 1974. The 
percentage of students enrolling in physics has shown a 
slight increase in the late 1960ts, but has steadily de- 
clined since 1971. 3 
Declining Achievement Scores. In addition to the de- 
clines in enrollment, research has indicated a trend in 
l~eclinincj Enrollments : The Challenge of the Corning 
Decade (Washington, D . C . :  National Institute of Education, 
March 1978), pp. 4-5. 
*F. R. Schlessinger, A Survey of Science Teaching in 
Public Schools of the United States (1971), Secondary Schools, 
1 (Columbus: ERIC Clearninghouse, 19731, pp. 26-29, 
3~ussein Mahmond, "Secondary School Science Curriculum 
Practices: A Ten Year Longitudinal Study of Schools in Ten 
States," Diss. Ohio State Univ., 1981, pp. 15-19. 
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declining achievement scores during the past twenty years. 
Harnschfeger and Wiley have reported that since the mid- 
sixties, achievement scores have declined in grades five 
through twelve. The most noticeable declines have been in 
the disciplines of mathematics and general science, with 
pronounced declines in the physical sciences. 1 
Harms and Kahl have suggested that this decline in 
achievement scores could be attributed to the fact that much 
of secondary science education has not considered the needs 
and interests of the students, This would be especially 
true for those students who had no intention of pursuing a 
scientific or technological career. Harms and Yager have 
indicated that since most technological topics related ta 
societal needs, career choices, and relevant science appli- 
cations have been ignored by the science programs, a de- 
creased interest in science would result and lower achieve- 
ment scores would be the result. Additionally, the trends 
in declining enrollments, achievement test scores, and in 
graduation requirements have been severely compounded by a 
generally poor economic picture for the United States. 
3 
'A. Harnischfeger and D. Wiley, The Decline of Achieve- 
ment Test Scores: Evidence, Causes, and Consequences (New 
Jersey: ERIC Clearinghouse, 1 9 7 7 ) ,  p. 1, 
2~orris Harms and S. Kahl, Project Synthesis Final 
Repart (Boulder: School of Education, Univ. of Colorado, 
1980)' pp. 5 - 7 .  
3~arms and Yager, p .  113. 
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Science Teacher Shortages. The economic problems not 
only influenced student interests, but also had a marked 
impact on the production of qualified science teachers. A 
report by Howe and Gerfovich indicated that since 1970, the 
number of college students graduating with degrees in science 
and mathematics, intending to enter the teaching profession, 
has declined drastically. The study further stated that 
this trend has been directly affected by, and correlates 
highly with, the economic status of the United States. I 
A report by Walsh and Walsh indicated that many public 
schools are not able to obtain or retain qualified teachers 
in science and mathematics. The report suggested that many 
of the qualified teachers presently teaching are being drawn 
away from the education profession by non-educational 
institutions. 2 
In 1980, NSF reported that 1,100 mathematics and 400 
natural and physical science teaching positions went unfilled 
in 1977. The repart further stated that by 1982 there would 
be a shortage of 700 natural and physical science teachers 
throughout the United States. 3 
I T. G. Howe and J. Gerlovich, "National Study of the 
Estimated Supply and Demand of Secondary Science and Mathe- 
matics Teachers: 1980-1983," CAPSULE, 18, No. 1 (March l984), 
4-6 .  
2~ Walsh and J. Walsh, "Crisis in the Classroom, '" 
Science 80, 1, No. 6 (Sept.-Oct. 1 9 8 0 ) ,  17-19. 
3~cience Education Databook, Directorate for Science 
Education (WAshington, D.C.: National Science Foundation, 
In July of 1980, the American Association of Colleges 
for Teacher Education ( M C T E )  reported critical shortages of 
physics teachers in fourteen states, slight shortages in 
twenty-three states, and no shortages in only two states. I 
In support of this data, Howe and ~erlovich found adequate 
numbers of biology and general science teachers, but a ~ r i -  
tical shortage did exist in physics, as indicated by their 
data in Appendix C. 2 
Klein reported that between 1971-1980 there was a 77 
percent decline in the number of mathematics teachers and a 
65 percent decline in the number of science teachers prepar- 
ing to teach in secondary schools. Klein found that almost 
five times more science and mathematics teachers left 
teaching in 1981 for non-teaching positions than did teachers 
leaving because of retirement. Klein suggested that if 
this trend continues the United States wilk have a net loss 
of 35 percent in its science and mathematics teaching corps 
by 1992. 3 
The critical shortages in secondary science has forced 
many school districts either to fill vacancies by giving 
'"~o Science Teachers + Math Teachers = Demand?" RACTE 
Briefs, 1, No. 3 (July 1980), 5. 
2 ~owe and GerLovich, "National Study of the Estimated 
Supply and Demand of Secondary Science and Mathematics 
Teachers: 1980-1983,"pp- 5-6. 
3~lein, pp. 3-5 .  
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additional assignments to current teachers, or by employing 
unqualified or marginally-qualified teachers on an "emergency 
basis. "l Klein suggested that of the newly employed teachers 
in science hired on an emergency basis, only 50.2 percent 
were qualified to teach in the scientific disciplines. In 
addition. Klein suggested that the employment of unqualified 
or marginally-qualified teachers even on an emergency basis 
is a major factor in the declining quality of secondary 
science education. 2 
It has become apparent to most science educators that 
the long-term shortages in science education must be 
addressed by stimulating new entrants to teacher-training 
programs in science, and by developing a system for upgrad- 
ing and retraining current teachers to teach in related 
science disciplines, 3 
Status of Science and Science Teaching in Iowa 
(1970- f  983) 
Science education in Iowa has been influenced and 
affected by the trends and problems that have plagued the 
'~oward Hausman and A. H. Livermore, A Shortage of 
Science Teachers by 1 9 8 2 ?  (Philadelphia: National Science 
Teachers kssaciation, Xarch 19761, p -  3. 
L Klein, pp. g t  1 6 .  
'~onald Cohen, "Problem of Retreading Science Teachers, 
Part 2," Science Education, 5 6 ,  No. 3 (July-Sept. 19721, 
417-21. 
3 3 
science discipline during the past two decades. Research 
which specifically differentiates Iowa from the remaining 
states is limited at best. The following sections of this 
review will focus on the problems and trends in science 
education as found in Iowa. 
Declining Enrollments 
The trends in Iowa's public schools indicate that en- 
rollments since 1973 for grades K-12 have declined by 
130,116 students. The projected enrollment figures, accord- 
ing to Howe and Gerlovich, are expected to decline by 
another 31,444 students within the next five years. I 
The over-all decline in school enrollments has also in- 
fluenced the number of students enrolling in science courses 
- :+ +&- -  hi$b ~c:;pcl :e:zel { 9 - $ ~ ) ,  Frcm 1970 to 5977, enroll- - % 1-a:e 
zt2xts  i n  p%ysi es, cFjepis$-xy,  and  ~ + - b + ~ - - -  .i.lGg i,ibelit~tiCS declined 
+ - skeakrly, su=  1~~ Z g T B ,  t 3 ~  errsliments began tc inc rease  
7 
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& 
- Lzbic - -  4 iykdizstes th3: $&k~een 19'E; and 1964, zhe t g t a l  
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represents the highest level of student enrollment in these 
disciplines since 1977, and it is even more meaningful when 
viewed within the context of a total high school enrollment 
decline of 42,000 students since 1977. I 
Table 1 
Nurnber  of Pupils ~ o l l e d  in Physics and QIeanist-Yy in Icswa 
Public Schools 1978-1984 
Physics 6,236 6,509 7,033 6,806 6,912 7,357 
Total Physics and 
aemistry ~ 0 1 1 -  
mats (9-12) 21,289 21,311 21,648 21,499 21,730 23,635 
Percentage of 
Students ~ o l l e d  
in Physics and 
Chemistry 11.0% 11.5% 12.2% 12.7% 13.5% 15.2% 
Total Public Schml 
Enrollments (9-12) 193,204 185,093 177,195 168,720 160,028 155,217 
Table 1 also indicates that the Largest enrollment in- 
crease in physics and chemistry occurred during the 1983-84 
school year. One possible cause for this phenomenon could 
be due to the passing of Iowa bill H.F. 532. H.F. 532 con- 
tained the following components: 
'~erlovich, "Are We Buying Our Students?" p. 2. 
- High school students who graduate from high 
schools after January 1, 1984, and complete 
7 units of mathematics and science courses 
(3 of which must be in advanced mathematics, 
physics or chemistry), they could qualify for up 
to $500 toward tuition at an Iowa college. 
- For teachers who graduate from college after 
January 1, 1983, with a major in mathematics or 
science and who has an Iowa guaranteed loan to 
repay, the state would help repay $6,000 of 
these loans if that individual taught chemistry, 
physics or advanced mathematics in an approved 
Iowa public or private school. 
- For those individuals currently teaching who 
would like to teach advanced mathematics or 
science, the state would help pay tuition for 
advanced training at the rate of $1,000-$1,500 
per year, 
- For high schools (grades 9-12) who enroll students 
in first year foreign language courses, they would 
receive $50 for each individual enrolled; and $25 
for each student enrolled in advanced mathematics, 
physics, or chemistry courses-l 
It would appear that since the introduction of H.F. 532 
and the increased enrollments in physics and chemistry 
occurring simultaneously that a correlation between the two 
could exist. No research to date, however, suggests that 
such a relationship has occurred. 
2 
Declining Achievement Scores 
The achievement test scores within the discipline of 
'1983 Interim Supplement to the 1983 -- Code, Sections 
1-15 (Des Moines: Iowa Legislative Bureau, State of Iowa, 
2~erlovich, "Are We Buying Our Students?" p .  2. 
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physics has also been affected by national trends. As a 
means of measuring the academic achievement of Iowa's high 
school students, Iowa has utilized the Iowa Test of Educa- 
tional Development (ITED) for grades nine through twelve. 
In a study conducted by Gerlovich, significant fluctuations 
in science achievement scores have occurred between 1962 
and 1977. These achievement scores apparently peaked during 
the mid-sixties and have shown a steady decline. 1 
Gerlovich attributes a portion of this decline to two 
factors: (1) to the minimal emphasis placed on science edu- 
cation after the "golden decade" of 1960-1970, which placed 
a high emphasis on science education, and (2) the introduc- 
tion of elective courses to the high school curriculum be- 
L yond the tenth grade. 
Science Teacher Shortaqes 
There are twenty-seven institutions in Iowa that have 
approved teacher education programs. These four-year col- 
leges or universities recommend graduates for certification 
to the Department of Public Instruction I D P I ) .  Bachelor 
degree graduates who have completed the preparation for a 
teaching certificate have been the primary source of new 
'~ack Gerlovich, "Some National Trends in High School 
Science Education and Their Influence in Iowa," Iowa 
Science Teachers Journal, 16, No. 1 (April 19791, 40 ,  
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teachers in Iowa, accounting for 82 percent of the teacher 
candidates. I 
R summary of bachelor degree graduates prepared in Iowa 
for all science disciplines is described in Appendix D. 
 his appendix indicates that in 1970 there were 269 science 
teacher graduates from the twenty-seven institutions, but by 
1982 the total number of graduates had declined to only 
2 
eighty-seven- In addition, Howe and Gerlovich had indi- 
cated that in 1982 there were ninety-seven vacancies opened 
for science teachers in Iowa, which would indicate that a 
shortage did exist. More specifically, their study suggests 
that critical shortages exist in earth science, physical 
science, chemistry, and physics, 3 
One of the factors leading to this shortage in Iowa, 
according to Howe and Gerlovich, is the competition from 
business and industry for the service of people with speci- 
fic science skillsa4 Since 1977, the salaries paid by 
industry were approximately 50 to 75 percent higher than 
those for teaching on an annual basis. This problem is 
further compounded by the fact that schools are experiencing 
'T. G. Howe and J. Gerlovich, "National Study of the 
Estimated Supply and Demand of Secondary Science and Mathe- 
matics Teachers: 1980-1982," CAPSULE, 16, No. 4 (Nov. 19821, 
4. 
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declining enrollments and staff reductions. I 
The solution(s) to this shortage problem will not be 
found easily. Gerlovich and Wnruh have indicated that re- 
training teachers to teach physics or any critical content 
subject through traditional academic programs does not 
appear to be a viable option. Because the travel and sub- 
sistence costs have risen, funded sabbaticals are impractical, 
and most teachers are involved with extracurricular activ- 
ities making college attendance very difficult during the 
summer months. Howe and Gerlovich conclude : 
Long range consequences of continued critical 
shortages on the total education system can be 
extremely serious. Many math and science courses 
are being taught by less qualified teachers.,.. 
this threatens the quality of instruction .... many 
schools will be forced to drop some mathematics 
and science offerings because of staff shortages. 
In response, the Iowa Department of Public Instruction 
( D P I )  has initiated steps to alleviate the science teacher 
shortage in Iowa, and more specifically to alleviate the cri- 
tical shortage existing in physics. 
L ~ o w e  and Gerlovich, "National Study of the Estimated 
Supply and Demand of Secondary Science and Mathematics 
Teachers: 1980-1982," p. 9. 
'~erlovich and Unruh, pp. 5-6. 
3~owe and Gerlovich, "National Study of the Estimated 
Supply and Demand of Secondary Science and Mathematics 
Teachers: 1980-82," p .  11. 
The Development of the Physics Resources and 
Instructional Strategies for Motivating 
Students (PRISMS) Program 
In the fall of 1977, the DPI began to receive an inordin- 
ate number of requests from science coordinators and science 
teachers for assistance in assessing and revising outdated 
science curriculums.' By late 1979, the DPI had developed 
and pilot tested a guide to assist science teachers in 
assessing their science curriculum. R Tool for ~ssessing 
L and Revising the Science Curriculum proved very effective 
as a means of evaluating science curricular strengths and 
needs. Serious problems developed, however, when attempting 
to satisfy the needs through existing published materials, 
and the physics materials presented some intractable prob- 
lems. 3 
By 1981, the teacher shortages and curricular problems 
in the sciences had been communicated to the education 
committee of the Iowa legislature. In October of 1981, the 
DPI created a task force, as requested by then Governor 
Robert D. Ray, to address the teacher shortage and curricular 
'jack Gerlovich, G. Downs, and G .  Magrane, "Assessing, 
Implementing, and Evaluating Science Curriculum ( K - 1 2 )  for 
Iowa Schools," Iowa Science Teachers Journal, 17, No. 2 
ISept. 1981) , 5-7. 
2~ack Gerlovich and others, A Tool for Assessing and 
Revising the Science Curriculum fDes Moines: Department of 
Public Instruction, 19793. 
3~erlovich and Unruh, p. 4. 
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problems unique to physics. The following criteria were 
delineated for this task force: 
- Upgrade teachers who are weak in science con- 
tent areas. 
- Provide curricular materials based upon practical 
application activities. These activities must 
require simple and inexpensive laboratory equip- 
ment, and should not require more than one year 
of algebra, 
- It must also include computer applications. 
- It must be provided through a cost effective 
delivery system. 1 
In June, 1982, the state science consultant, Dr. Jack 
Gerlovich, was contacted by the Governor's Science Advisory 
Council (GSAC)  and the Iowa Academy of Science (IAS) to study 
the science teacher supply-and-demand inconsistencies, 
problems resulting from such inconsistencies, and propose 
solutions to these problems. 2 
In the fall of 1982, the Ad Hoe Education Committee 
began to assess the state science problems. Among the major 
recommendations that the committee suggested to Governor 
Ray were the following: 
- Salaries of teachers in short supply must be 
made competitive with those in the private 
sector. 
- Preservice scholarship and loan forgiveness pro- 
grams must be initiated for science teachers, 
l~erlovich and Unruh, pp. 4-5. 
2Personal interview with Jack GerLovich, 8 Feb. 1 9 8 4 .  
- Cost effective, continuous inservice programs 
for upgrading current science teachers should 
be initiated. 
- Prospective science teachers should complete 
coursework far the DPI "all sciences" approval 
to improve their employability. 
- Local schools should require 2 years (units) of 
science (1 biol gical and 1 physical science) 
for graduation. f 
AS a result of this study, the DPI committed $6,500 to- 
ward studying solutions to the plight o£ physics education 
in Iowa for the academic year 2982-83.  The physics task 
force began developing several units in physics which 
focused upon student application of physics content to con- 
temporary problems, The initial curriculum materials were 
pilot-tested in AEA 15 in Southeast Iowa, 2 
One major problem that the trial emphasized was the 
need for a cost effective delivery system. Through cooper- 
ation with Drake University, and the College of Pharmacy, 
the task force was advised of a telephone system that the 
College of Pharmacy used to retrain pharmacists. On 
January 17, 1983, the physics task force initiated regular 
telephone programs to the pilot schools in Southeast Iowa, 
3 
'~erlovich and Unruh, p. 5. 
2~ersonal interview with Jack Gerlovich, 20 April 1984. 
3~ersonal interview with Roy Unruh, physics professor , 
Univ. of Northern Iowa, Cedar Falls, Iowa, 2 June 1983. 
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~uring the summer of 1983, the physics task force met 
at the university of Northern Iowa to refine the existing 
physics units, and to develop new units reflecting current 
technological advances. In addition, the task force imple- 
mented a telecommunications delivery system utilizing the 
I Iowa Regent's Telebridge network. This process requires 
that each classroom be fitted with a telephone set and a 
speaker-phone unit. This process would allow interactive 
participation between the teachers and the university pro- 
fessor. 
The Iowa legislature allocated an additional $40 ,000  to 
the DPI for the physics project during the summer of 1983. 
This additional financial support enabled the task force to 
acquire additional computer software, telephones, and 
speaker-phones for the high schools participating in the 
pilot programe2 In addition to the state allocation, the 
Office of Education awarded a grant of $ 1 3 2 , 0 0 0  for develop- 
ment expansion, and evaluation of the physics Resources and 
Instructional Strategies for Motivating Students (PRISMS) 
program. 3 
1 Personal interview with Roy Unruh, 2 June 1983. 
2Personal interview with Roy Unruh, 2 June 1983. 
3~ersonal interview with Jack Gerlovich, 9 Jan. 1984. 
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The PRISMS Program 
The physics task force decided to develop a teacher's 
guide which would give guidance to those teachers with 
limited background experience in physics. 
The teaching strategies in PRISMS are based on a learn- 
ing theory derived from Piaget's work associated with formal 
reasoning skills. In addition, the PRISMS materials have 
incorporated the "learning cycle" as described by Karplus. 1 
~ccording to Karplus, the learning cycle includes three 
phases, (1) exploration, ( 2 )  concept introduction, and / 3 1 
concept application.2 Karplus contends that during the 
exploration phase, students will interact with materials 
and ideas related to a given phenomena with little or no 
direction from the teacher. The concept introduction phase 
would involve developing a specific concept, through 
utilization of textbooks, around the activities which 
occurred during the exploration phase. For example, if the 
exploration phase activities involved toy cars, the concept 
introduction phase could focus on motion, acceleration, or 
time as concept to be developed during the concept 
'jack Gerlovich, "The Iowa Physics Project" (Des 
Moines: De~artment of Public Instruction, Feb, l984), pp. 
1-2. (Mimeographed, 1 
'~obert Karplus and others, Science Teaching and the 
Development of Reasoning--Physics - (Berkeley: Lawrence Hall 
of Science, Univ. of California, 1977). 
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introduction phase. 1 
The third phase, concept application, would take this 
newly acquired information about a concept and attempt to 
apply it to other situations within the student's environ- 
ment. This phase could also involve additional. activities 
which would reinforce what learning had taken place, and 
also to show the interrelationship of scientific concepts 
in a variety of situations. 2 
The various phases of the learning cycle can be initi- 
ated by using a diversity of media forms. PRISMS has incor- 
porated computer programs, electronic devices, and video 
tapes into the physics program. These forms of media were 
utilized to simulate activities, in part, that would be cost 
prohibitive for many individual schools to conduct. In 
addition, the teacher is provided with activities and ways 
to develop reasoning skills, present physics concepts, and 
apply these concepts to a variety of situations. 3 
The physics task force did not intend for the PRISMS 
materials to replace the existing textbooks currently in 
use. The materials, however, are intended as a resource 
which will provide structure and organization to the study 
1 Personal interview with Roy Unruh, Storm Lake, Iowa, 
30 Aug. 1983. 
'~arplus and others. 
3~erlovichf The Iowa Physics Project, p *  3 -  
45  
of physics, and incorporates modern technological advances 
to physics with applications to practical issues facing 
high school students. 1 
During the past two decades enormous advances in 
physical, biological, and technological sciences have been 
made. If educational systems are to fulfill the goals of 
science, as described by Nelson and Dietrich, by developing 
scientifically literate individuals, then these advances 
must be interwoven into science programs, and presented 
through practical and meaningful experiences. science must 
become both functional and relevant to the general public, 
but also be challenging for those individuals seeking deeper 
enrichment. 
Summary 
The research reviewed in this chapter has indicated 
that a critical teacher shortage does exist in Iowa, and 
throughout the United States in physics education. The 
need for a cost effective program to retrain current science 
teachers has been identified. In response, the Physics 
Resources and Instructional Strategies for Motivating 
Students (PRISMS) program was developed as a means of 
'~erlovich, The Iowa Physics Proiect, p. 3. 
'Miles Nelson and D. G. Dietrich, "Declining Physics 
Enrollments--An Exploration of Reasons,'~chool - Science and -
Mathematics, 75, No. 7 (Nov. 19751, 606-14 .  
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a l l e v i a t i n g  t h e  p h y s i c s  t e a c h e r  shortage i n  Iowa, C h a p t e r  
Three will p r e s e n t  the methodology of this study. 
CHAPTER THREE 
Methodology of the Study 
The problem of this study was to determine if the 
PRISMS program influences the teachers' knowledge of 
physics concepts. In this chapter the assumption, methods, 
and procedures for treating the data will be presented. 
Assumption 
The sensitivity of the issue and the type of question- 
ing did not cause the teachers or administrators to respond 
dishonestly. 
Limitations of the Study 
The results and conclusions of this study were 
limited to the twenty-nine teachers and twenty-nine adrr~in- 
istrators selected for participation by their individual 
Area Education Association IAEA) science cansulkants, 
Because the participants were selected by the AEA c a n s u l t a n t s  
and not drawn randomly from a larger population, caution 
should be used in any generalization beyond the sample, 
selection of Participants 
The subjects for this research study were selected by 
his/her AEA science consultant from criteria developed by 
the state science consultant.L The criteria statements were: 
1. Provide a micro-computer to the teacher when needed. 
2. Provide a video tape recorder to the teacher when 
needed. 
3.  Attempt to increase physics enrollments through 
improved teaching. 
4. Send both administrator and teacher to inservice 
programs designed to familiarize each participant 
with the PRISMS program. 
5. Pilot-test the process laboratory activities. 
6. Provide feedback to the physics task force on the 
prograrngs effectiveness 
7. Provide a brief description of the teachers' need 
in relation to being a part of the PRISMS program. 
Each AEA science consultant selected three high schools 
within his/her area. Fifty-two schools were accepted into 
the program from various locations throughout Iowa. Data 
analysis for this study required matched responses from 
teachers and accompanying principals from the fifty-two 
schools. As a result, only twenty-nine complete matched 
sets were available for analysis. Permission was granted 
by the state science consultant to conduct this study in 
conjunction with the physics task force. 
'personal interview with Jack Gerlovich, 3 Oct. 1983. 
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Data Collection Instruments 
The data collection instruments, designed specifically 
for this study, consisted of pre-questionnaires and post- 
questionnaires, and a pre-assessment and post-assessment form 
(see ~ppendices E, F and G )  . 
Teachers' Questionnaire. The teachers' questionnaire 
was designed to elicit teachers' attitudes toward the PRISMS 
program, and their level of comfort with presenting physics 
concepts. The teachers' questionnaire was divided into two 
separate sections, Section I, containing Items 1 through 17, 
reflect the teachers' level of comfort. Section 11, Items 
98 through 29, reflects both the attitudes and opinions 
toward the PRISMS program. 
The content from this questionnaire was derived from 
the objectives set by the physics task force, and as such, 
was considered cantent valid. The questionnaire was approved 
by the task farce after several alterations, 
A d m i n i s t r a t o r s ~ u e s t i o n n a i r e .  The administrators' 
questionnaire was designed to elicit their atkitudes and 
opinions toward the PRISMS program, The content of this 
questionnaire was derived from the objectives set by the 
physics task force, and as such, was considered content 
valid. The questionnaire was approved by the task force 
after several alterations. 
Teachers' Assessment Form. The teachers~assessment 
form was designed to measure the teachers' knowledge of 
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physics content. The items on this form were drawn directly 
from the program's objectives, and as such, are considered 
content valid. 
Test for Reliability and Program Administration 
The reliability test for the assessment form was con- 
ducted by utilizing a representative group of six teachers 
in Iowa. The teachers were selected for their proximity, 
accessibility, and availability to the researcher. A co- 
efficient of stability for reliability was determined 
through the utilization of the "test-retest" process. The 
tests were given one week apart, Pearson Product-moment 
correlation was applied, and a coefficient of . 7 9  was found. 
This coefficient was considered acceptable. 
The pre-program collection instruments were administered 
by the researcher during inservice programs held by the DPI 
at five AEA locations in Iowa (see Appendix I), The teachers 
and administrators were separated in different rooms while 
the instruments were being administered. Thus, the testing 
environment was controlled, allowing for no discussion until 
each instrument had been returned to the researcher. This 
was done to insure independence in the answering, 
The teachers-post-program collection instruments were 
administered by the researcher during an inservice program 
held at Heartland AEA in Ankeny, Iowa. The testing environ- 
ment was controlled insuring independence in the answering. 
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The administrators were not in attendance during this 
second inservice program, and the post-questionnaire forms 
were mailed to each participating administrator. 
Procedures for Treatinq Data 
The data derived from this study were descriptive in 
nature. The design of the questionnaire and assessment 
instruments required several different types of statistical 
analyses. The paired t-test, Pearson's r, and descriptive 
statistics were applied in an attempt to answer the gues- 
tions of this study. The significance levels chosen were 
. 0 5  (significant) and . O 1  (highly significant) . 
The paired t-test was used to examine the changes in 
scores for the administrators' attitudes, teachers' atti- 
tudes and comfort, and the teachers' level of knowledge. 
The t-test was applied to Hypotheses 3, 4, 5, and 6 as 
stated in Chapter One. Pearson's r was calculated for the 
remaining hypotheses to determine if relationships between 
continuous dependent variables were occurring. 
In an attempt to determine changes in teachershnd 
administrators* opinions, descriptive statistics were 
applied to Items 1 8 ,  27, 28, and 29 of the teachers' ques- 
tionnaire, and Items 2, 6 ,  9, 10, 13, and 14 of the 
administrators' questionnaire. 
S m a r y  
In this chapter the assumption, methods and procedures 
for treating the data were presented. Chapter Four will 
present the data derived from this study, and Chapter Five 
will give the conclusions, discussion, and further recom- 
mendations. 
CHAPTER FOUR 
Presentation of Data 
Introduction 
The purpose of this study was to see if PRISMS could 
contribute to the improvement of physics instruction through 
impraved teaching strategies and by improving the teachers' 
knowledge of physics. This chapter will present the corre- 
lations between major study variables, mean differences, 
and descriptive statistics for selected items. 
Findinqs and Analysis 
 able 2 describes the correlations between major vari- 
ables for fifteen null hypotheses. The data indicates low 
to moderate correlations for eleven of the fifteen null 
hypotheses tested. These correlations were not significant 
at the .05 ar -01 levels, and thus failed to reject null 
Hypotheses 1, 2, 7, 8, LO, 12, 14, 15, 17, 18, or 19. A 
complete listing of the curvelation coefficients can be seen 
in Appendix J. 
The data in Table 2 does indicate, however, a negative 
correlation between the administrator and teacher attitude 
gain scores. since this correlation existed, null Hypothe- 
sis 9 was rejected. The data indicated that teachers' gain 
Table 2 
Pearson Product-Moment Correlation for  elations ships 
Between Major Study Variables ( N = 2 9 )  
Hypotheses r 
1. There is no relationship between the number of 
years teaching physics and the Level of comfort 
in presenting physics concepts after program 
implementation. 
-11 
2. There is no relationship between the teachers' 
attitudes toward teaching physics and the level 
of comfort in presenting concepts related to 
physics after program implementation. . 1 9  
7. There is no relationship between the teachers' 
Level of knowledge of physics and the level of 
comfort after program implementation. .05 
8. There is no relationship between the teachers' 
attitudes toward physics and the level of 
knowledge of physics concepts after program 
implementation. 
9.  There is no relationship between administrator 
and teacher attitude gain scores resulting from 
program implementation. .50** 
10. There is no relationship between the administra- 
tors'post-program attitudes and the teachers' 
post-program level of comfort in presenting 
physics concepts. 16 
h l .  There is no relationship between the adminis- 
trators' pre-program attitudes and the teachers' 
gain in knowledge level of physics concepts. - 3 8 "  
12. There is no relationship between the teachers' 
number of years teaching physics and teachers' 
attitudes toward teaching physics after program 
implementation. - 0 3  
l 3 .  There is no relationship between the number of 
years teaching physics and the teachers' gain in 
knowledge level of physics concepts. - 4 0 "  
Table 2 (continued) 
Hypotheses r 
14. There is no relationship between the teachers' 
years in teaching physics and the administrators' 
attitudes toward this program before program 
implementation. . 17 
15. There is no relationship between the teachers' 
hours of college physics and the teachers' 
attitudes toward this program before program 
implementation. - 2 6  
16. There is no relationship between the teachers' 
hours of college physics and the teachers' level 
of comfort in presenting physics concepts before 
program implementation. . 4 2 *  
17. There is no relationship between the teachers' 
hours of college physics and the teachers' level 
of comfort presenting physics concepts after 
program implementation. . 2 9  
18. There is no relationship between the teachers' 
hours of college physics and the teachers' level 
of knowledge of physics concepts after program 
implementation. - 2 5  
19. There is no relationship between the teachers' 
hours of college physics and the administrators' 
attitudes toward this program before program 
implementation. - 1 9  
scores and administrators' attitudes change concurrently. 
The data revealed a decrease in attitude gain scores for 
teachers and administrators. 
The data in Table 2 indicated that a positive correla- 
tion between the administrators' pre-program attitudes and 
teachers' knowledge gain existed, Therefore, null ~ypoihcfis 
12 was rejected. These data indicated that the more positive 
the pre-program attitudes of the administrators, the greater 
the knowledge gains of teachers as a result of participating 
in the PRISMS program. 
Null ~ypothesis 13 was also rejected, The data indi- 
cated that a relationship between the number of years 
teaching physics and the teachers-aain i n  knowledge existed. 
The data showed that the more years of teaching physics, the 
greater the knowledge gain in physics concepts. 
Finally, a correlation was found between teachers' 
hours of college physics and their level of comfort. As a 
result of this relationship, null Hypothesis 1 6  was rejected. 
The data indicated that the more hours of college physics, 
the more comfortable the teachers were at presenting physics 
concepts. 
Table 3 reveals the data from the paired-t tests, The 
tests were applied to determine if differences existed be- 
tween the administratorsm and teachers' attitudes, teachers' 
knowledge level. and teachers' comfort before and after 
program implementation The data from Table 3 indicated no 
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or minimal differences in the administratorsf attitudes to- 
ward the PRISMS program, and as such, null Hypothesis 3 was 
not rejected. 
Table 3 
Paired-t Tests for Differences in ~dministrators' and 
Teachers' Attitudes, Teachers' Knowledge, and 
Comfort Before and After Program 
Implementation 
Hypotheses Paired-t* 
3. There is no difference in the administrators' 
attitudes toward utilizing this training 
program as a result of program implementation, .73 
4. There is no difference in the teachers' atti- 
tudes toward teaching physics before and after 
program implementation. 4 - 6 4 " "  
5. There is no difference in the teachers' level 
of knowledge of physics following program 
implementation. 2.37" 
6. There is no difference in the teachers' level 
of comfort with presenting physics concepts 
before and after program implementation. 2 - 6 5 "  
AS a result of the study, Hypothesis 4 was rejected, 
The data indicated that teachers had fewer positive atti- 
tudes toward teaching physics as a result of participating 
in the PRISMS program, 
Null Hypothesis 5 was rejected. The data indicated 
that the teachers experienced a gain in their knowledge level 
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as a result of ~articipating in the PRISMS program. 
Finally, null Hypothesis 6 was rejected. The data in 
  able 3 indicated that teachers experienced an increase in 
their level of comfort in presenting physics concepts as a 
result of participating in the PRISMS program. 
Table 4 reveals the mean pre- and post-test opinion 
scores for the teachers on selected items from the question- 
naire. The data in Table 4 indicated that a moderate de- 
crease in teachersg opinions occurred in Items 18, 27, and 
28. The data from this table also indicated an increase in 
teachersbpinian for Item 29- 
Table 4 
Mean Pre and Post Teacher Opinion Scores 
for Selected Items (N=29) * 
1 kerns Pre Past 
18. Laboratory activities should be an impor- 
tant part of the physics program, 5 , 5 8  5-44 
2 7 ,  Computers would be an effective teaching - 
aid fur this physics program. 2 - 4 1  4-73 
2 8 ,  This program will increase the number of 
students enrolling in physics- 4 - 5 8  9,37 
29, This particular program will require more 
preparation time* 4-86 5-17 
*Scale: I = Strongly Disagree to 6 = S t r o n g l y  agree 
Table 5 reveals the mean pre- and past-test opinlcn 
scores f o r  eke administratcrs on selected items fror-ti the 
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questionnaire. The data in Table 5 indicated that a moder- 
ate decrease in opinions occurred for Items 2, 6, 10, and 14- 
In addition, Table 5 also indicated a moderate increase in 
opinion scores by the administrators for Items 9 and 13. 
Table 5 
Mean Pre and Post Administrator Opinion 
Scores for Selected Items ( N = 2 9 )  * 
Items Pre Post 
2. Laboratory activities should be an 
important part of a physics program. 5.62 5.27 
6. My teacher has expressed a confident 
attitude toward being a part of this 
program. 5.44 5-17 
9. My teacher does have the skills and 
abilities required when utilizing the 
Laboratory equipment. 5.00 5.37 
10. Computers would be an effective teaching 
aid for this physics program. 5.20 4.82 
13. This type of program will require more 
teacher preparation time. 4.27 4.69 
14. This type of program may cause the school 
district to provide more financial sup- 
port for physics instruction. 3.86 3.37 
*Scale: 1 = Strongly Disagree to 6 = Strongly Agree 
This chapter presented the data for this research study. 
The data indicated that teachers' attitudes toward teaching 
physics and toward the PRISMS program decreased. 
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In addition, the teachers experienced an increase in 
their knowledge of physics content, and became more comfort- 
able with presenting physics concepts as a result of the 
PRISMS program- Finally, the data indicated that the admin- 
istrators' attitudes toward the PRISMS program decreased, 
and that both teachers' and administrators' experienced a 
general decrease in opinion scores for selected items from 
the questionnaires. 
CHAPTER FIVE 
Summary, Conclusions, Discussion, and Recornendations 
Summary of the Investigation 
The Purpose of this study was to see if PRISMS could 
contribute to the improvement of physics instruction in the 
sf-ate of Iowa- Since the PRISMS program was experimental in 
nature and represented a new concept in teacher preparation, 
no base line data existed which reported on the effective- 
ness of such a program. While PRISMS had a twofold purpose 
of improving teaching strategies in physics and students' 
attitudes toward physics, the problem of this study was to 
determine if PRISMS influenced the teachers' knowledge of 
physics content. 
The participants of this study were selected by their 
AEA science consultants. The data required matched re- 
sponses from teachers and administrators; consequently, only 
twenty-nine were available far analysis. The paired-t test, 
Pearson's r, and descriptive statistics were applied to the 
data. The significance levels were .Ol and . 0 5 .  
The data for this study were collected through Pre- 
questionnaires and post-queski0nnaire5 for teachers and 
administrators. In addition, a pre-assessment and post- 
assessment physics knowledge instrument was applied to the 
teachers. The questionnaires were designed to elicit 
teachers' and administratorsq attitudes and opinions. 
The 
assessment form measured the teachersr knowledge of physics. 
The data were collected at two inservice programs conducted 
by the DPI. 
The findings from this research are limited to the 
twenty-nine teachers and twenty-nine administrators selected 
for participation in the PRISMS program. Because the parti- 
cipants were not drawn from a random sample, caution should 
be used in any generalization beyond the sample. 
Summary of the Findings 
The results of the research, which were obtained by 
analyzing the data presented in four tables and by testing 
the null hypotheses, prompted the following summaries: 
1. As a result of program participation, the 
teachers' attitudes toward teaching physics 
decreased from more positive attitudes to 
somewhat negative attitudes. 
2. As a result of program participation, the 
teachers' level of comfort with presenting 
physics concepts increased. 
3. As a result of program participation, the 
teachers experienced an increase in their 
knowledge of physics content. 
4. As a result of the PRISMS program, the atti- 
tudes gain scores decreased concurrently for 
teachers and administrators. 
5. The administrators' pre-program attitudes in- 
fluenced the teachers' level of knowledge. 
6. The teachers' level of knowledge was influenced 
by the years of experience in teaching physics. 
7 .  The teachers' level of comfort was influenced 
by the number of hours taken in college 
physics before the PRISMS program. 
In addition, the descriptive statistics indicated a 
general decrease in the teachers' and administrators' 
opinions for most of the statements selected from the ques- 
tionnaires. The data also indicated that the teachers and 
administrators agreed that the PRISMS program required much 
preparation time. 
Conclusion 
On the basis of the findings fron this study the fol- 
lowing conclusion was reached: 
The study results were not sufficient to indicate that 
the PRISMS program improved physics instruction in Iowa. 
Discussion of the Findings 
Identifying the causes for the changes in attitudes is 
beyond the scope of this study, Nuweuer, one might infer 
from the results the following: 
The decrease in teachers' attitudes and opinions may be 
attributed to several factors, First, the final inservfce 
program may have been held too late in She school year, 
Historically, end-of-year high school activities place addi- 
tional burdens  on teachers, especially on t h o s e  teachers 
already holding several t e a c h r n g  responsibilities 
Second, t h e  final inservice meeting location nscessi- 
tated long d i s t a n c e  travel affecting a majority of the 
teachers from rural Iowa. 
Third, other causes for the declines could be due to 
external factors; i.e., poor local telephone connections, 
computer and equipment failures, and administrative pres- 
sures required by PRISMS. 
The decrease in administrators' attitudes and opinions 
may be due, in part, to end-of-year activities and added 
responsibilities. In addition, the difference between the 
testing environments for the administrators may have influ- 
enced their responses. 
Recommendations 
On the basis of the findings from this study, it is 
recommended that: 
1. An investigation should be conducted ta determine 
what effect the PRISMS program might have on future student 
learning. 
2 .  An in-depth investigation should be conducted to 
compare student achievement scores for districts using 
PRISMS with similar districts not using PRISMS. 
3 .  An investigation should be conducted to determine 
why the teachers' attitudes decreased while participating 
in the PRISMS program. 
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APPENDIX E 
SAMPLE TEACHER PRE- AND POST-QUESTIONNAIRES 
school Name City 
What is the total student population of your district? 
What is the total number of students enrolled in physics? 
How many years have you taught? 
WOW many years have you taught physics? 
~pproximately, how many semester hours of college physics 
have you taken? 
0 -3  3-9 9-20 20-36 36 or more 
For the following, circle the letterls) on the scale that 
best describes how comfortable you are, at this time, with 
teaching the concepts below. Interpret the scale to mean: 
1 = Very Uncomfortable 
2 = Uncomfortable 
3 = Somewhat Uncomfortable 
4 = Somewhat Comfortable 
5 = Comfortable 
6 = Very Comfortable 
1. Interpreting and analyzing relation- 
ships from graphs (including slopes 
and area under a curve). 1 2 3 4 5 6  
2. Plotting graphs from appropriate 
data. 
3. Making predictions from graphs. 1 2 3 4 5 6  
4, Solving mathematical problems re- 
lated to concepts within physics. 1 2 3 4 5 6  
5.  Collecting and organizing data. 1 2 3 4 5 6  
6 .  Using the metric system for 
measurements and calculations. 1 2 3 4 5 6  
7. Allowing the students the freedom 
to design and conduct their own 
experiments, 
8 -  Using the "Decision Making" 
process in relation to sociologi- 
cal and technological issues. 
9. using the "ValuingM process in 
relation to sociological and 
technological issues 1 2 3 4 5 6  
10. Presenting the concepts involved 
in ~inematics. 1 2 3 4 5 6  
11. presenting the concepts involved 
in Force, 
12. Presenting the concepts involved 
in Dynamics. 1 2 3 4 5 6  
13. Presenting the concepts invoived 
in Work and Energy. 1 2 3 4 5 6  
14, Presenting the concepts involved 
in Internal Energy and Heat. 1 2 3 4 5 6  
%5. Presenting the concepts involved 
in Wave Phenomena and Light, 1 2 3 4 5 6  
16. Presenting the concepts involved 
in Electricity and Magnetism, 1 2 3 4 5 6  
17, Presenting the concepts involved 
in Atomic and Nuclear Physics, 1 2 3 4 5 6  
For the remaining statements circle the letter(s) that best 
describe your view at this time. For interpretation of the 
scale, use the following as a guide: 
1 = Strongly Disagree 
2 = Disagree 
3 = Disagree Somewhat 
4 = Agree Somewhat 
5 = Agree 
6 = Strongly Agree 
18. Laboratory activities should be an 
important part of the physics 
program. 
19. This program will help to improve 
my skills and abilities in regard 
to teaching physics. 
20, This program will increase the 
students' awareness about career 
choices in the physical sciences. 
21.  his program will have a positive 
effect on my attitude towards 
physics. 
22. This program will have a positive 
effect on the students' attitude 
towards the physics curriculum. 
23. The learning cycle format 
(exploration, concept, introdue- 
tion, application) Is an important 
process for teaching physics. 1 2 3 4 5 6  
24. This program will increase the 
students confidence in laboratory 
activities, 1 2 3 4 5 6  
25. This physics program will help 
the students to understand the 
current sociological and 
technological issues. 1 2 3 4 5 6  
26. This physics program will help 
to improve my skills and abilities 
in using the laboratory equipment. 1 2 3 4 5 6  
27. Computers would be an effective 
teaching aid for this physics 
program, 
28, This program will increase the 
number of students enrolling in 
physics. 
29. This particular program will 
require more preparation time, 
post-Physics Questionnaire (TI 
School Name City 
For the EoLlowing, circle the letter(s) on the scale that 
best describes how comfortable you are, at this time, with 
teaching the concepts below. Interpret the sca le  to mean: 
1 = Very Uncomfortable 
2 = Uncomfortable 
3 = Somewhat Uncomfortable 
4 = Somewhat Comfortable 
5 = Comfortable 
6 = Very Comfortable 
1. Interpreting and analyzing relation- 
ships from graphs (including slopes 
and area under a curve). 
2 ,  Plotting graphs from appropriate 
dataa, 
3. Making predictions from graphs. 
4. Solving mathematical problems re- 
lated to concepts within physics. 
5. Collecting and organizing data. 
6. Using the metric system for 
measurements and calculations. 
7. Allowing the students the freedom 
to design and conduct their own 
experiments. 
8. Using the "Decision Making" 
process in relation to sociologi- 
cal and technological issues. 
9. Using the "Valuingn process in 
relation to saciological and 
technological issues 
10, Presenting the concepts involved 
in Kinematics. 
11. Presenting the concepts involved 
in Force. 
1 2  * Presenting the concepts involved 
in Dynamics. 
13. presenting the concepts involved 
in Work and Energy. 1 2 3 4 5 6  
1 4 .  presenting the concepts involved 
in Internal Energy and Heat. 1 2 3 4 5 6  
15. presenting the concepts involved 
in Wave Phenomena and Light, 1 2 3 4 5 6  
16. presenting the concepts involved 
in Electricity and Magnetism. 1 2 3 4 5 6  
17. Presenting the concepts involved 
in Atomic and Nuclear Physics. 1 2 3 4 5 6  
For the remaining statements circle the letter(s) that best 
describe your view at this time, For interpretation of the 
scale, use the following as a guide: 
1 = Strongly Disagree 
2 = Disagree 
3 = Disagree Somewhat 
4 = Agree Somewhat 
5 = Agree 
6 = Strongly Agree 
18. Laboratory activities should be an 
important part of the physics 
program. 1 2 3 4 5 6  
19. This program will help to improve 
my skills and abilities in regard 
to teaching physics. 
20. This program will increase the 
studentsf awareness about career 
choices in the physical sciences. 
21. This program will have a positive 
effect on my attitude towards 
physics. 
22.  This program will have a positive 
effect on the students' attitude 
towards the physics curriculum. 
23, The learning cycle format 
(exploration, concept, introduc- 
tion, application) is an important 
process for teaching p h y s i c s .  2 2 3 4 5 6  
24.   his program will increase the 
students confidence in laborstory 
activities. 1 2 3 4 5 6  
25. This physics program will help 
the students to understand the 
current sociological and 
technological issues. 1 2 3 4 5 6  
26. This physics program will help 
to improve my skills and abilities 
in using the laboratory equipment, 1 2 3 4 5 6  
27. Computers would be an effective 
teaching aid for this physics 
program. 1 2 3 4 5 6  
28. This program will increase the 
number of students enralling in 
physics. 1 2 3 4 5 6  
29. This particular program will 
require more preparation time. 
APPENDIX F 
SAMPLE ADMINISTRATOR PW-  AND POST-QUESTIONNAIRES 
 re-Physics Questionnaire (A)  
School Name City 
In responding to the following statements circle the number 
that best expresses your present view on each item, Far interpretation of the scale, use the following: 
I = Strongly Disagree 
2 = Disagree 
3 = Disagree Somewhat 
4 = Agree Somewhat 
5 = Agree 
6 = Strongly Agree 
1. This program will help to upgrade my 
teacher's ability to teach physics. 1 2 3 4 5 6  
2, Laboratory activities should be an 
important part af a physics program. 1 2 3 4 5 6 
3. This program will help the students 
to understand the current sociologi- 
cal and technological issues. 1 2 3 4 5 6  
4 ,  The learning cycle format fexplora- 
tion, concept, introduction, 
application) will be an important 
process for teaching physics. 1 2 3 4 5 6  
5. This program will increase the number 
of students enrolling in physics. 1 2 3 4 5 6  
6. My teacher has expressed a con£ ident 
attitude toward being a part of this 
program, 1 2 3 4 5 6  
7. This program will have a positive 
effect on my own attitude towards 
physics. 1 2 3 4 5 6  
8. This type of program will increase 
student confidence in laboratory 
activities, 1 2 3 4 5 6  
9. My teacher does have the skills 
and abilities required when utilizing 
the Laboratory equipment. 1 2 3 4 5 6  
10, Computers would be an effective 
teaching aid for this physics 
program, 
11.  his program will increase the 
student b awareness about career 
choices in the physical sciences. 1 2 3 4 5 6  
12. This type of program will have a 
positive effect on the student's 
attitude towards the physics 
curriculum. 1 2 3 4 5 6  
13. This type of program will require 
more teacher preparation time. 1 2 3 4 5 6  
14. This program will change the way 
my school district views teacher 
shortages in critical areas of 
education. 1 2 3 4 5 6  
15, This type of program may cause 
the school district to provide 
more financial support for physics 
instruction, 1 2 3 4 5 6  
Post-Physics Questionnaire (A) 
School Name City 
In responding to the following statements circle the number 
that best expresses your present view on each item. For 
interpretation of the scale, use the following: 
1 = Strongly Disagree 
2 = Disagree 
3 = Disagree Somewhat 
4 = Agree Somewhat 
5 = Agree 
6 = Strongly Agree 
1, This program will help to upgrade my 
teacher's ability to teach physics, 1 2 3 4 5 6  
2. Laboratory activities should be an 
important part of a physics program, 1 2 3 4 5 6 
3. This program will help the students 
to understand the current socialogi- 
cal and technological issues. 1 2 3 4 5 6  
4. The learning cycle format (explora- 
tion, concept, introduction, 
application) will be an important 
process for teaching physics. 1 2 3 4 5 6  
5. This program will increase the number 
of students enrolling in physics. 1 2 3 4 5 6  
6 My teacher has expressed a confident 
attitude toward being a part of this 
program. 1 2 3 4 5 6  
7. This program will have a positive 
effect on my own attitude towards 
physics. 1 2 3 4 5 6  
8. This type of program will increase 
student confidence in laboratory 
activities. 1 2 3 4 5 6  
9, My teacher does have the skills 
and abilities required when atilizing 
the laboratory equipment, 1 2 3 4 5 6  
10, Computers would be an effective 
teaching aid for this physics 
program. 
11. This program will increase the 
student's awareness about career 
choices in the physical sciences. 
12. This type of program will have a 
positive effect on the student's 
attitude towards the physics 
cur r iculum. 1 2 3 4 5 6  
13, This type of program will require 
more teacher preparation time. 1 2 3 4 5 6  
14. This program will change the way 
my school district views teacher 
shortages in critical areas of 
education. 2 . 2 3 4 5 6  
15. This type of program may cause 
the school district to provide 
more financial support for physics 
instruction, 1 2 3 4 5 6  
APPENDIX G 
SAMPLE TEACHER PRE- AND POST-ASSESSMENT FORMS 
Pre-Physics Assessmnt Form 
Sthaol Name City 
OLAGRAN FOR QUESTIONS I.. 2. and 3 
The graph Below Represents the  Motfon o f  an Object Tmveling In a Stralqht i fne.  
1. ?he acce le ra t ion  o f  the  ob jec t  between t i m s  t * 2 second and t = 6 seconds 1s 
2 (A)  0.5 meters/second . 
2 (8)  0.7 meters/second . 
2 ( C )  0.9 meterz/second . 
2 (D) 1.0 mte rs lsecond  . 
2 (E) 4.5 mters /second . 
2. Between t imes t = 5 seconds and t 12 seconds the object t rave l led 
( A )  zero. 
i B) 10 meters. C )  30 meters, 0) 45 meters. (E) 57.5 meters. 
3. The average speed o f  the  ab jec t  f o r  the first 6 seconds 3s 
A )  0.5 meterslsecond. 
B) 2.5 meterslsecond. 
C )  3.0 meterslsecond. 
D) 3.3 meterslsecond. 
(E) 5.0 neters/second. 
DIAGRAM FOR QUESTION 4 
D~stancc Versus Time Graphs 
i ;I_I ;Ic_ iQ !b* 
1 
- 
I - z ,a. . 1 m r - r  t -  
1 rhe one graph above which i l l u s t r a t e s  motion i n  a s t ra ight  l ine w i t h  p o s i t i v e  accelera- 
t i o n  i s  
I;] :: 
E) E. 
-2- 
OEAGRAM FOR QUESTION 5 
5. A student i s  r i d f n g  a constant speed merry-g-round, as s h m  above. When the student 
1s a t  pa i n t  P, t he  s e t  o f  vectors shows the direct ion of  the student's 
I. veloc i t y  v. 
11. acceleration a. and 
111. centr l lpetal  force F. 
6. Force can be thought o f  as the 
( A )  energy used t o  move an object. 
(3)  mass o f  an object.  
(C) momentum o f  an ob ject .  
f 0) quant i t y  t ha t  changes the ve loc i ty  o f  an object. 
(E)  quan t i t y  t h a t  keeps an object moving. 
7. I f  the speed o f  an ob ject  raving i n  a st ra ight  l ine i s  tncreasing at  a constant rate, 
the ne t  force ac t ing  on the object i s  
( A )  constant, but  not zero. 
( 8 )  decreasing a t  a constant rate. 
( C )  increas ing a t  a constant rate. 
(0)  zero. 
(E )  none o f  the above. 
8. Enerqy i s  t o  j ou l e  as power i s  t o  
( A )  joule-second. 
( 0  ) kl lowatt-hour. 
( C )  newton. 
(0) newtan-meter. 
( E l  watt .  
9. TIO stat ionary bodles a t t r a c t  each other with a graritatlonal forte a f  1.0 r lo-'' 
newtons. I f  the mass o f  each body i s  t r ip led, the force w i l l  now be 
( A )  1.5 x newtons. 
(8 )  3.0 x lo-'' newtons. 
(c )  4.5 x ID-'' newtons. 
(a) 2 .1  x 10-lo newtons. 
(E)  4.1 x 1 0 " ~  newtons. 
DIAGRAM FOR QUESTIOH 10 
P 
Sped  of propalaturn ofwrvm - J O mctcrr(wrond 1 
1 
Q 
10. Mawes a r e  t ravel ing w i t h  a speed OF 3.0 meters/secandtouard line PQ as shown in the 
dfagram above. I f  the en t i re  s e t  of waves luM passes the line PQ i n  one second, the 
wavelength o f  these waves i s  
( A )  0.75 meters. 
(0) 1.5 meters. 
(Cj 3.0 me ten .  
(0) 6.0 meters. 
(E) 12 meters. 
DIAGRAM FOR QUESTION 1 1  
11. A ray of l i g h t ,  l n i t i a l l y  traveling i n  a vacuum, i s  incident on the surface o f  a f la t  
transparent mater~a l  as shown in the diagram abovz. Part of the l i g h t  is reflected 
a t  the surface and part is  refracted. The angle beteen the reflected ray and the 
refracted ray I s 
( A )  less  than 40". 
(5) between 40" and 50". 
(C) between S O 0  and 100°. 
( D f  between 100" and 140'. 
(E )  m r e  than 140' 
DIAGRAM FOR QUESTION 12. 
Tblo Coamrzla# Lcns 
12. An object Is  placed two focal lengths from a thin converging lens. The magnification 
of the resulting image i s  
( A )  one-fourth. 
E )  Pour. 
13. An o b j e c t  I s  p laced 30 centimeters from a t h i n  converging lens wi th a focal  length o f  
10 centfmeters. The image w i l l  be described as 
(A) r e a l  and 7.4 cent imeters from the lens. 
(B) r e a l  and 15 cent imeters from the  lens. 
I 6) r e a l  and 3 0  cent fmeters from the lens. DJ v l r t u a l  and 7.5 centimeters f r o m  the lens. E) v i r t u a l  and 15 centfmeters from the lens. 
OIAGWM FOR QUESTION 14. 
14. Monochromatic l i g h t  f o l l ows  the  path shown i n  the diagram above. Compared w i th  the 
l i g h t  i n  medium I, the l i g h t  in medim I 1  has a 
( A )  g r e a t e r  i n t e n s i t y  
( B )  h i g h e r  fresuenc:/. 
(C) h ighe r  speed. 
f 0) l ower  frequency. 
EE) l o n e r  s ~ e e d .  
15. " L i g h t  i s  be l i eved  t o  a c t  11 ke a wave." The experimental obsewatlon wklch provides 
t h e  b e s t  support  f o r  t he  quoted statement i s  
(A )  l i g h t  can be r e f l e c t e d  by a m i r ro r .  
B) l i g h t  forms 1 f g h t  and dark bands a f t e r  passing through a narrow s l i t .  
C) l i g h t  i s  bent  by a g r a v i t a t i o n a l  f te ld .  
D) 1 i g h t  I s  sca t te red when passing through smoke. 
E) w A i  t e  1 $ g h t  can be broken i n t o  i t s  conponent colors by a prtsm. 
16, The one example o f  waves whfch cannot be polarized f s  
A)  l i g h t .  
B )  mtcrowaves . 
(C) r a d i o  waves. 
( D )  sound waves. 
(E) s tandfng waves on a s t r i n g .  
17. The k f  l o c a l o r f  e 4 s the  amount o f  energy needed t o  ra i  se the temperature o f  one 
(A)  gram o f  water by 1 Fahrenheit degree, 
(6) k i l og ram o f  water by  E Celsius degree. 
( C )  k i l og ram o f  water by 1 Fahrenheit degree. 
D) pound o f  water  by 7 Celsius degree. 
E) pound o f  water  by 1 Fahrenheit degree. 
18. A k i l og ram o f  pure steam a t  100° Celsius i s  condensed to  water a t  100° Ce1 sius and  then 
i s  cooled t o  8Q5 Celsius.  The heat o f  vaporization f o r  water a t  100° is 540 
k f l oca lo r i es / k i l og ram.  The heat energy given off  i n  t h i s  process i s  
( A )  80 ki l o c a l o r i e s .  
(B)  100 kilocalories. 
(C) 520 ki 1 ocal  ories. 
( 0 )  5 4 0  k i l o c a l o r i e s .  
( E )  560 k i l o c a l o r i e s .  
19. One hundred grams of i c e  a t  0" Celsius 1s added t o  400 grams of water a t  16° Celsius 
4n a b a k e r .  Assume no heat energy i s  lo s t  to o r  gained f r om the beaker o r  other 
surroundings. I f  t h e  heat  of fusion of water i s  80 calories per gram, the f inal  
equ4libritnn temperature of the mixture i s  
( A )  -4.0° Cels ius  
( 0 )  -1.6' Cels ius  
( C )  Q0 Cels ius  
{ D )  1,6' Cels ius  
[E) 4.0" Cels ius  
20. En genera l ,  a posi t i v e l y  charged e l e c t r o s c o ~ e  
(A) has fewer e l e d r o n s  than protons. 
(B)  has mare e l ec t rons  than pratons' 
( C )  has no protons.  
( D )  has the  same number of protons as electrons.  
( E )  r epe l s  a negat ively  charged o b j ~ t .  
IIIAGRAt4 FOR QUESTION 21 
21. En t h e  $3 agram above, c i  ~ u l a r  eqwipotentlal 1 ines are dram a t  60 volts ,  30 volts 
and 20 v o l t s  about an e l e c t r i c  charge +q. The total work done in moving an object 
with a charge o f  10 coulombs from position Y to position X f s  
[;41 ;;:iu~es. 
(C) 110 j ou les .  
(0)  200 joules .  
{El 400 jou les .  
22. Gravl t a t iona t  and electrical farces  a re  similar in  the sense tha t  fo r  pafnt objects 
o r  spher ica t  d i s t r i b u t i o n s  both a r e  
( A )  always a t t r a c t i v e  and strong. 
(5) always a t t r a c t i v e  and weak. 
( C )  d i r e c t l y  prooortionaf t o  the  square of the distance a f  separation. 
I D )  Inverse1 y proportional t o  the  distance of separat~on. 
{E) Inverse ly  proportional  t o  the  square o f  the distance of separation. 
D E A G W  FOR QUESTION 23 
23. The c u r r e n t  through r e s i s t o r  R1 i n  t h e  diagram a t m e  i s  
( A t  2.0 amperes. 
( 8 )  4 .0  amperes. 
( C )  6 . 0  amperes. 
(0) 18 amperes.  
( E )  1 2  amperes. 
DIAGRAM FOR QUETTION 24 
24. The total  r e s i s t a n c e  o f  t he  c l r c u i t  s h m  above i s  
I A )  2.0 ohms. 8) 4.0 ohms. C) 6 . 0  Ohms. D) 8.0 ohms. E )  12  ohms. 
25. The magnet ic  f o n e  experfence fay a m v l n g  charged p a r t i c l e  depends upan 
1 .  t h e  magnetic f i e l d  s t r e n g t h .  
2. t h e  p a r t f c l e ' s  charge. 
3. t h e  particle' s  v e l o c i t y .  
( A )  1 o n l y .  
(6) 1 & 2 o n l y .  
( C )  1 & 3 only .  
(0) 1, 2 ,  and 3. 
(E )  2 L 3 o n l y .  
DIAGRAM FOR QUESTIW 2 6 .  
The diagram below shows a u i r e  which i s  pemendicular  t o  the page, moving i n  a  
circular  p a t h .  The rnagnetlc f i e l d  between the  N and S poles t s  unrfonn and the 
speed o f  t h e  wire i s  c o n s t a n t .  The l e t t e r s  A ,  5 ,  C ,  D, and E show posi t ions of 
t h e  w ~ r e .  
- * L . r . r r U i r r  
26. The induced emf ( t h a t  i s ,  vol tage j  i n  the w i re  i s  a mlnimurn when the wire i s  a t  
pas i  t l o n  
27. The type o f  r a d i a t f  o n  having the  greatest  energy per photon 1s 
DIAGRAM FOR QUESTION 28 
D~agram of the energy 
t , levels for an Itom 
28. T r a n s i t f  on I i n  the  drawing above represents absorption o f  a photon of blue I f gh t .  
T r a n s i t i o n  I L cou ld  represent absorption o f  
( A )  green l i g h t .  
( 8 )  i n f r a r e d  rad ia t i on .  
(C) r a d i o  waves. 
(0) u l  t r a v i o t e t  rad ia t i on .  
(Ej none of t h e  above. 
29. Radium (2gi Ra) undergoes negat ive beta decay. The daughter nucleus i s  
30. A r a d i o a c t ~ v e  sample nas a ha1 f - l  i f e  of  nlne mn.chs. The f rac t ion  o f  the or ig ina l  
a c t l v f  t y  remaining a f t e r  three years i s  
Post-Physi cs Assessment Farm 
School Hame City 
OIAGRAM FOR QUESTIONS I, 2, and 3 
The graph Below Represents the Fktion of an Object Traveling fn  a Straight  Line. 
1. fhe a c c e l e r a t l  on of the  ob jec t  between times t = 2 second and t * 6 seconds I s  
2 ( A )  0.5 meters/second . 
2 (6) 0.7 meterslsecond . 
- 
2. Between t lmes t = 6 seconds and t = 12 seconds the o b j e c t  t rave l led 
(A)  zero. 
i B) 10 meters. C )  30 meters. 0) 45 meters. (E) 57.5 meters. 
3. The average speed o f  t he  ob jec t  f o r  the flnt 6 seconds i s  
I A )  0.5 metem/second. 8 )  2.5 rneters/second. C) 3 . 0  mcters/second. 
(0) 3.3 meters/second. 
( E )  5 . 0  meterslsecond. 
DIAGRAM FOR QUESTION 4 
D~stanct Versus Time Grltghs 
-E jk ib* :b f 
2 i 
__. 
i 
I -. a -  - I  I - 1s." 
1. The one graph above which i l l u s t r a t e s  motion i n  a s t ra ight  l i n e  w i t h  posi t ive accelera- 
t f o n  Is 
DIAGRAM FOR QUESTION 5 
5. A student f s  ridfng a constant speed merry-g-round, as stmm above, When the student 
I s  a t  paint P ,  the  s e t  of vectors shows the direction of the student's 
I .  veloclty v .  
11. accc le ra t~on  a. and 
1x1, centr ipetal  force F. 
6. Force can be thought of as the 
( A )  energy used t o  move an object. 
(B) mess of an abject .  
(6) momentum of an object.  
(D) quantity tha t  changes the velocity of an object. (€1  quantity t ha t  keeps an object moving. 
7. I f  the speed o f  an o b j e c t  moving i n  a straight line Is increasing a t  a constant rate, 
the net force acting on the object i s  
( A )  constant,  but not zem. 
( 0 )  decreas~ng a t  a constant rate.  
( C )  increasing a t  a constant rate.  
(0) zero. ( E )  none of the above. 
8-  Energy is t o  ~ o u l e  as power i s  to  
( A )  joule-second. 
(8)  k i  lowatr-nour. 
(i) newton. 
( 0 )  newton-meter. 
( E )  watt. 
9.  TLI stat ionary bodles a t t r a c t  each other with a gnritattonal force sf 5.0 r lfJ-" 
newtons. I f  the  mass of each body I s  tripled, the f a n e  will  now be 
( A )  1.5 x 1 0 " ~  newtons. 
( 8 )  3.0 x lo-'' newtons. 
(c) 4.5 x 10"' newtons. 
( 0 1  2-1  x newtons. 
{ E )  4.1 x 1 0 " ~  newtons. 
DlAGRAM FOR QUESTION 10 
10. Waves are t r ave l ing  with a speed of 3.0 meters/secdto*ard l ine  PQ as shown in the 
diagram above. I f  the e n t i r e  s e t  of waves M passes t h e  l i ne  PQ fn one second, the 
wavelength o f  these  waves i s  1" 0." me"". 
B) 1.5 meters.  
C1 3.0 metefs .  
(0) 6.0 meters. 
(E) 12 meters. 
DIAGRAH FOR QUESTION 11 
1 1 .  A ray o f  l i g h t ,  i n i t i a l l y  t ravel ing i n  a vacuum, i s  incldent on the surface of a f l a t  
t r anspa ren t  m a t e r ~ a l  a s  shown i n  the  diagram aDova. Part of the l ight  i s  reflected 
a t  t he  surface and p a r t  i s  refracted.  The angle &tween the reflected ray and the 
r e f r a c t e d  ray i s  
( A )  l e s s  than 40°. 
( 6 )  between 40" and 50a. 
(C) between SOQ and 1006. 
( D )  between 100° and 140". 
( € 1  more than 140°. 
DIAGRAM FOR QUESTION 12. 
12. An object Is placed two focal 'lengths fm a th ln  converging lens. The mgniflcation 
o f  t h e  r e s u l t i n g  image i s  
( A )  one-fourth. 
E) four .  
13. An ob jec t  I s  placed 30 centimeters fm a th in  converglng lens u t th  a focal length of 
10 cent lmeten. The fmage w i l l  be described as 
(A )  real and 7 . 4  cent lmeten from the lens. 
(B) r ea l  and 75 centimeters from the lens. 
I C) real and 30 cent lmeten from the lens. 0) v l  r tua l  and 7.5 centimeters from the tens. €1 v l r t u a l  and 15 cen t fmte rs  fmm the lens. 
DIAGRAM FOR @JESTION 14. 
14. Monochromatic l l g h t  fol lows the path shown I n  t h e  dlagram above. Compared with the 
light I n  medium I, the l i g h t  f n  medim I 1  has a 
( A )  greater  in tens i t y .  
(8) higher frequency. 
(C) higher s p e d .  
(Dl lower frequency. 
(E)  lower speed. 
15. "L lgh t  Is bel ieved t o  act  like a wave." The experimental observation whlch pmvldes 
the bast support for the quoted statement f s  
A) l i g h t  can be re f lec ted  by a mirror. 
l i g h t  f o m  l i g h t  and dark bands a f t e r  passing through a n a r m  s l l t .  
l f g h t  i s  bent by a gravitational f feld.  
I l g h t  f s  scattered when passing through smoke. 
E) white l t g h t  can be broken i n t o  i t s  cbwonent colors by & prism. 
16. The one example o f  waves which cannot be polarized i s  
I A) l i g h t .  8 )  mi crowaver. jC) r ad l o  waves. 
0) sound waves. 
E) standing waves on a str ing. 
17. The k i  l oca lo r f  e 9 s the amount o f  energy needed to raise the temperature of one 
A gram of  water by 1 Fahrenheit degrec. 
8 ki logram o f  water by 1 Celsius degree. 
C) ki logram o f  water by 1 Fahrenheit degree. l 
D f  pound o f  water by 1 Celsfus degree. 
E )  pound of water by 1 Fahrenheit degree. 
18. A k i logram o f  pure steam a t  700° Celzfus i s  condensed to water a t  1OO0 Celsius and then 
3s cooled t o  80' Celsius. The heat o f  vaporizatron fo r  water at 100' 'is 540 
k i locmlo r ies /k i  logram. the heat energy given o f f  I n  t h i s  Pmcess i s  
I 4)  80 k i  l o ca l o r i  es . 8) 100 kilocalories. (C)  520 k i l  ocalor les. 
(0) 540 kiTocalor ies. ( E l  560 kilocalories. 
19. One hundred g r m s  af  i c e  a t  0' Celsius i s  added to 400 grams of water a t  16* Celslirs 
i n  a beaker. k s s m  no heat energy i s  lo s t  t o  or  gained f r o m  the beaker o r  other 
surmund.fngs. If  t h e  heat  a f  fusion o f  water is  80 calories per gram, the ffnal 
equll ibr tun temperature of the  mixture i s  
( R )  -4.0' Cels ius  
( 8 )  -1.6" Cels ius  
(C) 0' Cels ius  
(0) 1.6' Cels ius  
(El 4.0' Cels ius  
20. I n  genera l ,  a pos i t ive ly  charged elecrrcscow 
( A )  has fewerele&mns than protons. 
( 8 )  has more e lec t rons  than protons. 
(C) has no protons. 
( 0 )  has the  same number of protons as electrons. ( E l  r e p e l s  a negat lveiy  cnarged oaJect. 
UIAGRWl FOR QUEST ION 21 
21. In t h e  diagram above, c l n u l i t r  equipotential lines a m  dram a t  60 volts, 30 volts 
and 20 v o l t s  about an e l e c t r i c  charge +q. The total wrf done in moving an object 
w i t h  a charge of 10 c~ulombs from position Y to witfan X I s  
A )  zero.  
8 )  40 Joules .  
( C )  110 jou les .  
( 0 )  200 joules .  
( E )  400 j ou les .  
22. Gravi ta t ional  and e f e c t r i c a t  forces a re  similar i n  thc sense that  for  pafnt objects 
o r  sphericrt l d i s t r i b u t i o n s  b o t h  are  
( A )  always a t t r a c t i v e  and strong. 
( S )  always a t t r a c t i v e  and weak. 
(C) d j r e c t l y  proportional to  the  square of the distame of separation. 
( 0 )  f nversel  y proportional t o  the  distance of Sep.CatlOn. 
IE) f nverre ly  pmport lonal  t o  t h e  square of the distutca o f  separation. 
O I A G M  FOR QUESTION 23 
R ,  = LFohrnC 
Power >upor* *ficn 
a 1errnln.sI *oilrue 
01 'I( * O l t .  
23. The current through resistor R, i n  the dlagram abwe i s  
( A )  2 .0  amperes. ( % I  4 . 0  amperes. 
(CI 6 . 0  amperes. 
(Dl 1 8  amperes. 
( E ) 7 2 amperes. 
DIAGRLVt FOR QUESTION 24 
24. The total resistance o f  the c i r t u i t  sham above $ $  
25. the rnagnetic f o n a  experience hy a mving  charged particle depen& upon 
1. the magnetic f i e l d  strength. 
2 .  the particle's change. 
3 .  the partlcleh seloctty. 
(D) 1, 2 ,  and 3 .  
( E )  2 & 3 on ly .  
DIAGRAM FOR QUESTION Z6. 
The diagram belw shows a wire whtch ls ~erpendicular  to the page, ~ v i n g  i n  a 
circular path. T h e  magnetic f i e l d  between the N and 5 poles i s  unrfom and the 
sped OF the vrre i s  constant. The letters A ,  8, G ,  0, and E show positions of 
the wire. 
. *-"I .U 1 e. 
26. The induced emf ( t h a t  i s .  voltage) i n  the wire i s  a mlnlmm when the wire i s  a t  
pos i t i on  
27. The typa o f  radiatf on havf ng the greatest energy per phtctn t s  
OlAGRAn FOR QUESTION 28 
28. Transi tion I in the drawing above represents absor~tlon o f  a photon o f  blue lfght. 
Transition I E could represent absorption o f  
( A )  green l ight .  
(8) f nfrarvd radiation. 
( C )  radio waves. 
( D )  ultraviolet  radiatf on. ( € 1  none o f  the above. 
29. Radium 17,) undeqoes negattve beta decay. The daughter flucleur 4s 
30. radloactrve sample nas a h a l f - l i f e  o f  nlne months. The fraction of the crlgfnal 
a c t i v l  ty remalnlng a f t e r  three years i s  
APPENDIX H 
SAMPLE DIRECTIONS AND F O W U L A S  FOR 
TEACHER ASSESSMENT INSTRUMENTS 
In responding to the following assessment form please use 
the informat ion below: 
1, Answer each and every item. 
2. Respond by circling the letter that you feel will 
answer the question or statement, 
3. Respond only once to each item. 
4. When you have finished, return all materials to the 
administrator. 
You will notice that we have included a sheet that contains 
many of the formulas and constants that could be used in the 
physics assessment. Feel free to use those that you need, 
and use the back side as a scratch sheet. 
Before you turn your form into the administrator check to 
make sure that your school and city names are on the front 
Page * 
THANK YOU! 
Physics Formulas and Constants 
s i n  Bi 
n = 
sin 0 
r 
s i n  Q L  
s i n  B2 = v1/v2 
Fm = Bqv 
APPENDIX I 
DPI INSERVICE LOCATIONS 
Pre-Assessment Locations 
August 20, 1983 
AEA8s 3, 4, 5, and 1 2  
B u e n a  Vista College 
Storm L a k e ,  I owa  
August 31, 1983 
REA's 13 a n d  14 
Holiday Inn 
Red Oak, Iowa 
September 7 ,  1983 
AEA's 6 and 11 
Heartland REA 
Ankeny, Iowa 
September 8, 1983 
AEA% 1, 2,  7 ,  and 1 0  
AEA 7 
Waterloo, Iowa 
September 1, 1983 
AEA's 9, 15, a n d  16 
Iowa Wesleyan College 
Mt, P l e a s a n t ,  Iowa 
Post-Assessment Location 
A p r i l  1 2 ,  1984 
A E A ' s 1 , 2 , 3 , 4 , 5 , 6 , 7 ,  
9 ,  10, 11, 12, 13, 1 4 ,  15 and 16 
Heartland AEA 
Ankeny, Iowa 
APPENDIX J 
PEARSON PRODUCT-MOMENT CORRELATION COEFFICIENTS 
FOR MAJOR STUDY VARIABLES 

